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settings. The sound of a vehicle passing, measured’
near a subject's ears, differs in annoyance from an
equivalent computer-generated pink-noise sound by 10
db or more. Compared to real, tracked vehicles, smalt
arms also seem to fit an equal energy model and
require penalties on the order of zero and 80 dB,
respectively. Blast noise doas not appear to fit an equal
energy model. A 1-dB increase in blast C-weighted
sound exposure level (CSEL) is equivalent to a 2-dB
increase in the sound level of noncommon sound

sources such as vehicles.
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Introduction

Background

Proper assessment of the noise created by Army testing and training remains a
question that is not fully answered (Schomer and Averbuch, August 1989;
Schomer, December 1991; Schomer and Neathammer, April 1987; and Schomer,
January 1986). The most difficult noises to assess are the impulsive noises
generated by large weapons, small arms, and helicopters (Sutherland, November
1979). Theee noises are more difficult to assess than general community noise
because their impulsive character adds to the annoyance that they generate. The
nature of this “addition” is not well understood. Currently, general community
noise is assessed using the A-frequency weighting and some form of “energy
equivalent® level (American National Standard, 1988; American National
Standard, 1990). In the United States, the day-night average sound level (DNL)
is used. For clearly impulsive sound, adjustments or “penalties” are sometimes
added to the formulation to account for the increase in annoyance generated by
the impulsive character of the sound (International Organization for
Standardization, 1990).

Adding a penalty is current practice for small arms and helicopter noise (Air
Installations Compatible Use Zones, November 1977; Army Regulation (AR) 200-1,
April 1990). Blast noise, which is one form of high-energy impulse noise, is
assessed using the C-weighting, and, in the United States, the (C-weighted) day-
night average sound level (CDNL) is currently used as the fundamental unit of
assessment (American National Standard, 1986). Since the day-night average is
retained for blast noise, converting from A- to C-weighting is equivalent to adding
about a 20 dB penalty (Schomer et al. 1978). But the criteria levels are also
changed, and this change is, in effect, like adding a DNL-dependent penalty of up
to 5 dB. As yet, precise values for these penalties still need to be determined.

Over the past several years, the U.S. Army Construction Engineering Research
Laboratories (USACERL) has performed a series of experiments that have had two
purposes: (1) to better determine penalties for impulsive sound sources like
helicopters and small arms, and (2) to better understand human and community
response to blast sound. These experiments differ from other research in that they
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use subjects placed in real houses, judging real test sounds generated during the
experiment, outdoors, at realistic distances from the test houses. These
experiments have been performed as paired-comparison tests. Artificial noise
generated through a loudspeaker in the subject test rooms has been the control
sound. :

These impulsive noise sources are problems worldwide and not just in the United
States, so some tests have been performed jointly with researchers in other
countries with the experiment actually conducted in that country. Helicopter tests
have been performed in Champaign, IL (Schomer and Neathammer, April 1987)
and Tustin, CA (Schomer, Hoover, and Wagner, 1991). Blast noise tests have been
performed in Grafenwoehr Germany (Schomer, Buchta, and Hirsch, 1991) and
Aberdeen Proving Grounds (APG), MD.’ Initial vehicle and small arms tests have
also been conducted at Aberdeen. This current test is a joint German/American
study performed in Germany.

Objectives

The purpoee of the present test was (1) to further define and develop adjustments
or “penalties” that can be used to assess military noise vis-a-vis normal, urban
noises and (2) to develop a better understanding of community response to blast
noise. In particular, this study concentrates on blast, small arms, and tracked-
vehicle sounds. (The tracked vehicles are tanks and infantry fighting vehicles.)

Approach

This test follows the paired-comparison methods developed and used by USACERL
for the past several years, but it adds a new dimension in paired comparison
testing. This test maintains the use of real houses with real test sources of sound.
Small arms are fired to create small arms sound; tanks drive by the houses to
create tracked-vehicle sound; and plastic explosives are set off to create blast
sound. But an innovation has been added to this test. Instead of just using
control sounds that are electrically generated through loudspeakers in each test
room, this test also uses real, wheeled vehicles as a source of control sound. Six
sizes of wheeled vehicles were used to create six levels of control sound. The

* New blast tests of window attenuation at Aberdeen Proving Ground. Only oid windows have been
tested to dats, therefore results cannot yet be published.
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subjects heard and compared the sound of a truck driving by to a burst of small
arms fire, to an explosive sound, or to a tank driving by (at a further distance).

This study was performed at the German Army base at Munster. This was a joint
project of the U.S. Army and the German Federal Ministry of Defense (FMOD).
The Institute for Noise Pollution (Institute fiir Lirmschutz) (IFL) served as
contractor to FMOD. USACERL provided most of the indoor and some of the
outdoor acoustical measurements, control and supervision of the sources of sound,
and overall conduct of the experiment. Separately, IFL provided outdoor and some
indoor acoustical measurements; hiring and supervision of subjects; vehicles and
munitions to create the test sounds; and renovation and repair of the test houses.
Dr. Buchta and Dr. Hirsch, of the FMOD, suggested the innovation of using
wheeled vehicles as a control sound.

Data analysis has been accomplished in parallel in Germany and the United
States. The German analysis has concentrated on fitting curves to small group,

. pooled responses and corresponding energy-average acoustical data; the U.S.
analysis has concentrated on larger group, pooled responses and the same energy
average data. Both results are based on maximum likelihood estimation and use
transitional curve fitting with a cumulative distribution, sigmoid, or logit
function, and both analyses yield virtually identical results. The U.S. analysis is
described in this paper, but both sets of results are reportéd and averages of the
two are used for purposes of discussion and development of conclusions.’

Mode of Technology Transfer

These data will be used to help set joint North Atlantic Treaty
Organization/Command Control and Monitor System (NATO/CCMS) noise
assessment procedures and criteria. They will be used in the United States to
help reformulate National Academy of Science (NAS) recommendations. In turn,
these NAS reports will influence American National Standards Institute (ANSI)
Standards and Army policy.

* A separate report will be issued in German by FMOD.
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2 General Study Concepts

The study was designed as a paired comparison test where the subjects were
presented pairs of sounds and asked, for each pair, which was more annoying, the
first or the second sound. For this study, the test sound was one of three
categories of military sounds that came from: (1) tracked vehicles, (2) small arms
fire, or (3) large blasts. The other sound in a pair was one of two control sounds,
which were: (1) the sound of a wheeled vehicle passing by, or (2) a computer-
generated white noise. Either the test sound or the control sound was presented
first; the order was random, but balanced. This study used juries of subjects
placed in adjacent rooms on the front side of the test house, or, in the later stages
of the test, at an outdoor location that was in line with the other test rooms.

Figure 1 shows a hypothetical curve expected from the experiment for a single
military source. The theoretical curve assumes a transitional shape in the general
form of a sigmoid or Gaussian cumulative probability curve. When the control is
very quiet, 100 percent of the subjects will find the test source more annoying;
when the control is very loud, all the subjects will find the control more annoying.

Many actual curves of the type indicated in Figure 1 were generated; each yields
a pair of numbers: a military test sound exposure level (SEP) (A-weighted for all
sounds except blast sound) and corresponding control sound A-weighted sound
exposure level (ASEL). This pair of levels (point) occurs when 50 percent of the
subjects perceived the test sound to be more annoying than the control sound and
50 percent perceived it to be less annoying. This 50 percent point is marked on
Figure 1. This point is taken as the equivalency point, that is, the point where the
test sound causes the same annoyance as the control sound. The number of
decibels that the test sound differs from the control sound is the “offset” or
“adjustment.” This is the decibel difference between the test sound SEL and the
control sound ASEL for equivalent annoyance. For the hypothetical example in
Figure 1, the military test sound was generated by a blast and had a C-weighted
SEL (CSEL) of 91 dB; the equivalent wheeled-vehicle control sound ASEL is 77 dB
at the 50 percent point. So a 14 dB offset or “penalty” must be added to the test
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Figure 1. Typical curve expected for a single test sound source and a range of control sound levels.
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sound CSEL to make it equivalent to a control sound generating the same
annoyance. In this example, the penalty is negative; it is a bonua.

In this hypothetical example, the Leopard II is compared with wheeled-vehicle
control sounds. The “equivalency” point is when the Leopard II had an indoor-
measured ASEL of 62 and the equivalently annoying control vehicle ASEL was 59.
This indicates that in terms of decibels, the Leopard II creates “3 dB” less annoyance
that an equivalent wheeled vehicle; it has a “negative penalty.”

The tracked vehicles consisted of a Leopard II main battle tank and a Marder
armored personnel carrier (Figures 2 and 3). Both vehicles were driven forward and
reverse during the test to avoid the additional noise of turning around or returning
to a single starting point, since this extraneous noise could have affected the subject
responses when other study sounds were present. The direction these vehicles faced
and the end of the travel path at which they started were changed from test to test
to obtain all possible combinations.

The small arms were 7.62 mm German G3 rifles fired from two distances: a “near”
and “far” distance, which were respectively 125 and 200 meters from the test house.
For safety reasons, only blank ammunition could be used. Two different firing rates
were used at the near site. A rate of 60 rounds in 30 seconds was used at both sites
throughout the entire study. In addition, a rate of 6 shots in 3 seconds was used at
the near site in sets 1 through 5, and a 10 times slower rate of 6 shots in 30 seconds
was used in sets 6 through 10. This change was done to test differing hypotheses on
how people temporally integrate sound in terms of annoyance. Figure 4 shows
soldiers at the near gun fire site.

The primary blast site was located 1 km from the test house. A secondary site,
located 1.8 km from the test house, was used to lower the received blast sound levels
when weather conditions were such that the primary site produced levels that were
too high. Nominally, large and small blast charge sizes of 2 kg and 500 g were used,
but these were changed (e.g., up to 4 kg or down to 1 kg for the large blast) when
needed to get received, flat-weighted peak levels that were as close as possible to 121
dB and 115 dB for the large and small blast, respectively.

The control vehicles, except for the smallest, were supplied by the German Army and
consisted of six wheeled vehicles. These vehicles generated sound levels that ranged
from about 65 to 95 ASEL (in roughly 5 dB steps) at a free-field (no reflecting
surface) microphone in line with the front face of the test house. For
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ease of designation, these vehicles were designated V1 through V6 with V1 being
the loudest. According to this scheme, V1 was a tank transport truck, V2 was a
large tow truck, V3 was a bus, V4 was a 2-ton cargo truck, V5 was a diesel jeep,
and V6 was a gas engine passenger van. Figures 5 through 10 respectively show
these six vehicles. The test house can be seen in the background of some of these
photographs. All of the wheeled vehicles passed by the test house west to east at
the same distance, then looped back on an alternate, more distant road.

The tracked and wheeled vehicles were run on two different roads. Vehicles 1
through 6 were run on a long-existing graded dirt road 20 m from the front of the
house, while the tracked vzhicles ran on a new dirt road, graded from a farm field,
approximately 170 m from the front of the house. Figure 11 shows the
relationship of these roads and the blast and small arms sites.

The computer-generated control sound had a “haystack” temporal amplitude-
envelope pattern with the final shape being determined by the military sound
being tested. For the tracked vehicles and small arms fire, a 500 Hz octave band
of pink noise was used as the control sound; for the blast sounds, a 200 to 1500
Hz band of white noise was used as the control sound. The blast control sound
was identical to the control sound used in previous test situations at Aberdeen
Proving Ground,” Grafenwohr Training Area (GTA) (Schomer, Buchta, and Hirsch,
1991), and USACERL (Schomer and Averbuch, 1989).” To mimic the temporal
pattern of the sources, the pink noise was presented for almost 30 seconds and the
white noise for less than 1 second.

The wheeled-vehicle and pink/white-noise control sounds were intermixed
throughout the test. All of the seven military test sounds were compared with
wheeled-vehicle control sounds. The three louder military sources, which were the
large blast, the Leopard II tank, and the near gun fire (60 shots), were compared
with the five louder control vehicles, V1 through V5. The other military sources,
which were the small blast, the Marder, the near gun fire (6 shots), and the far
gun fire, were compared with V2 through V6. The three louder military sources
and control vehicle 2 (V2) were compared with the computer-generated pink/white-
noise control sound. There were five different levels of control sound for each

* New biast tests of window attenuation at Aberdeen Proving Ground. Only old windows have been
tested to date, therefore results cannot yet be published.

" The tests at USACERL involved artificially generated blast sounds that were created with a giant
shake table covered by a heavy membrane.
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source. The test and control sound pairs were intermixed randomly throughout
the test. Table 1a lists these test pairings.

As discussed later, the indoor control sounds were presented at 5 dB intervals
depending on the sound source they were compared with. For the white/pink noise
control sound sources, the control levels were adjusted in +5 dB stepe depending
on received test sound levels and the response data already collected. The goal
was to have the equivalency point at the middle of the control range, which was
the sound level of V3 or V4 for the vehicles and the middle level for the white/pink
noise control sounds. The most accurate estimate of a “penalty” possible is
provided when the equivalency point lies in the middle of the analysis range.
Table 1b lists the actual “base” levels by set. Table 2a lists the actual, outdoor,
energy-average sound levels for the control vehicles and the test sounds (except

Tost Control Control Control Control Control

Sound Sound 1 Sound 2 Sound 3 Sound 4 Sound §

Large blast vi v2 V3 \'] V5

Small blast v2 v3 V4 V5 vé

Near gun-

60 shots Vi v2 v3 V4 V5

Near gun-

6 shots V2 V3 V4 V5 ve

Far gun-

60 shots v2 V3 V4 V5 vé

Leopard H vi v2 v3 V4 V5

Marder v2 V3 V4 V5 ve

Large blast |-10 dB White -5 dB White Mid white +5 dB white +10 dB white
(Large blast)

Leopard Il |-10 dB Pink -5 dB Pink Mid pink +5 dB pink +10 dB pink
(Leopard Ii)

Near gun- |-10 dB Pink -5 dB Pink Mid pink +5 dB pink +10 dB pink

60 shots (near gun)

Control -10 dB Pink -5 dB Pink Mid pink (vehicle |+5 dB pink +10 dB pink

vehicle-2 2)

Table 1a. Test sound sources and corresponding control sound sources. For the white/pink nolee
control sound sources, the control levels were adjusted in +5 dB steps depending on received fest
sound levels and the responee data aiready collected.
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blast sounds) by study halves.” Since the blast levels changed a lot with weather
conditions, Table 2b contains the blast sound levels by set.”

Set Test
Source

7

10

Large biast

78

75

Leopard i

70

75

75

75

75

Near gun-60 shots

60

70

75

75

75

75

Control vehicle 2

I |& S|

70

3|33 |3

did|d|d|¢~

gI18|B|S ]

75

75

75

Table 1b. Middie levels for the white/pink noise control sound by set. Thess were adjusied In 15 dB stepe
depending on received test sound levels and the response data aiready collected. The goal was 10 have the
equivalency point at the middie of the conirol range which was the sound level of V3 or V4 for the vehicies and
the middie level for the white/pink nolee conirol sounds. The most accurate estimete of a “pensity” poesible

is provided when the equivalency point liss in the middie of the anelysis range. (The white noles control level

in set 1 was inadvertently off by 3 dB from the plenned level.)

* The German researchers, who were responsible for the data analysis, collected these data using &

free-field (no reflecting surface) microphone. Their data were consistent with the American data

measured at the face of the test house.

“ These data were collected by the American microphone
test house and are aiso consistent with the free-field data collected by the German researchers.

located at the front face (middie) of the




Sound Source ASEL (dB) First 5 Sets ASEL (dB) Second 5 Sets
Near gun - 60 shots 80 83%
Near gun - 6 shots 7 74%
Far gun - 60 shots 69% 72
Leopard Il 79% 79%
Marder 72% 73
Control vehicle 1 85 95
Control vehicle 2 86 85
Control vehicle 3 79 78
Control vehicie 4 76 76
Control vehicle 5 7 7
Control vehicle 6 62 61

Table 28. Outdoor, free-fleld (no reflecting surface) test and control-vehicle sound levels (ASEL)
by test haives. Most sources remained constant throughout the test, but the gun five levels
changed slightly because of the nature of the weapons and the blank ammunition being fired.
Since the biast levels changed a lot with weather conditions, Table 2b contains the biast sound

jovels by set.

Large | Peak 120 120 119 124 123 13 116 19 120 126
Blast ] CSEL 97 9% 96 100 100 89 91 4 ] 103
Small | Peak 12 14 12 116 17 104 108 1 13 19
Blast | CSEL 89 91 89 <] 9 81 85 88 89 97

Table 2b. Outdoor, large and small biast charge size sound levels (CSEL) by test set.




3 Data Collection

The General Area and Site

The test site was a group of three duplexes in a relatively isolated area
surrounded by fields and inactive artillery ranges. The subjects were placed in the
eastern most of the three duplexes and occupied four rooms in the front of the
duplex. The two halves of the duplex were mirror images so the two inner rooms
and the two outer rooms were virtually identical. Each room had two windows
with at least one facing the vehicle roads and the small arms firing sites. The
subjects sat on chairs and couches located towards the rear of each room; the seat
locations were as distant as possible from the wall facing the road and firing sites,
the wall containing the front windows. A German test supervisor sat with each
test group in each test room. Figure 12 shows the duplex layout. All windows
were painted translucent white to prevent the subjects from seeing the vehicles
passing by or the rifle sites. Figures 13 and 14 show two duplex test-subject
rooms; one view is of subjects and the other is of the front wall, control lights, and
loud speakers for generating the pink/white-noise control sound. In the latter part
of the study, sets 6 through 10, an outdoor group was located just west of the test
house (Figure 12).

The control computer and measurement equipment were located in the adjacent
house. This is also where the coordinator of the vehicles, blasts, small arms, and
computer-generated sounds was located. Figures 15 and 16, respectively, show the
instrument control room including the data collection station, and the test control
station.

The Subjects

The subjects were hired and supervised by the German researchers. The subjects
came from the local area and represented a reasonable cross section of the general
public in terms of age and gender. No subject participated in more than one test.
Overall, about 250 different subjects were used for this study.
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Figure 14. Subjects seated in a test room.
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Acoustical Data Collection

The acoustical measurement devices consisted of indoor and outdoor microphones.
Two Briiel and Kjeer 4145 “1-in.” microphones were placed in each subject room
at the subject’s ear height and located so as to obtain a good approximation to the
stimuli heard by the subjects. These microphone positions (for one of the four test-
subject rooms) are marked in Figure 12. In addition, three Briiel and Kjeer 4921
outdoor microphone systems were located about 10 cm from the east, west, and
south faces of the test duplex. A fourth Briiel and Kjeer free-field (no reflecting
surface) microphone was located about 6 m west and in line with the front face of
the test house. All four outdoor microphones were at a height of about 2 m.
(These outdoor microphones are indicated in Figure 12.)

The signals from one of the two microphones in each subject room were passed
through a USACERL-developed line driver set to 30 dB gain, while the second
microphone had no gain. This combination of gains was used to ensure accurate
measurement of both low level (small arms and vehicles) and high level (blast)
sounds. For the same reason, the built-in amplifier of the 4921 on the south face
of the test house was set to 20 dB of gain while the other two were set to 40 dB.
In general, the eight indoor microphones were used to develop estimates of the
acoustical levels received by the subjects. Only the four amplified indoor
microphones were used for measuring the very low level, far gunfire and vehicle
(V6) sounds, and only the four unamplified indoor microphones were used for
measuring the very high level blast sounds. With the exception of blast sounds,
the free-field microphone was used to obtain the general outdoor sound levels; the
microphone on the front face of the test house was used to determine the blast
sound levels. When there was an outdoor group (data sets 7 through 10), the
microphone normally positioned on the west face of the test house was moved and
placed at subject ear height (about 1 m) in the middle of the outdoor subjects and
was used to determine the levels received by this outdoor group (Figure 12).

The equipment room (Figure 15) housed all the equipment for analyzing and
recording the signals taken from the houses and three outdoor microphones. Both
indoor and outdoor signals were recorded on Panasonic model 3500 DAT recorders.
They were amplified with a Tektronix AM502 amplifier and analyzed with a
USACERL-developed integrating noise monitor and sound exposure level meter
(Model 380). Figure 17a shows the American instrumentation.

The German researchers operated two independent microphones with
corresponding analysis systems: one microphone outside and one inside. Figure
17b shows a diagram of the German instrumentation.
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Figure 17a. A schematic representation of the American instrumentation.
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Figure 17b. A schematic representation of the German instrumentation.




Controt Sound

A personal computer (Figure 16) was used to regulate the control sound that was
compared with each test sound. The starting point in generating a control sound
was the playback of a DAT recording. One channel contained the white noise
(from 200 to 1500 Hz), and the other channel contained the pink noise (600 Hz
octave band). The amplitude envelope (Figure 18a) of either control noise type
was created with a programmable attenuator connected to the personal computer.
By using the programmable attenuator, the computer regulated the SEL and 10
dB “down time” of the control sound.’

The white/pink noise control sounds were presented at 5 dB intervals depending
on the sound source with which they were compared (see Table 1a). The sound
would graduaslly rise from inaudible to 10 dB below the maximum level, and then
rise to the maximum at a different rate. The sound would then decay in
approximately the same manner. (See Figures 18a and 18b for examples of the
amplitude envelopes of the two control sounds.) The sound in each house was
generated by two loud speakers. The outdoor control sound was the same as the
indoor sound, except the outdoor level was 20 dB higher. This 20 dB gain was
used because the A-weighted attenuation of a typical American house from
outdoors to indoors is about 20 to 25 decibels (A-weighted). For the white/pink
noise control sound sources, the control levels were adjusted in =5 dB steps
depending on received test sound levels and the response data already collected.
The goal was to have the equivalency point at the middle of the control sound
range, which was the middle level for the white/pink noise control sounds. Table
1b contains the actual “base” levels by set.

Conduct of the Test

The test took approximately 3 hours, the first half starting at 1:00 PM, and lasting
about 1 hour and 15 minutes. The subjects got a 15-minute break before the
second half, which was similar to the first. The participants were told to meet 30
minutes before the test at a large commercial building about 1 km from the site
to receive test instructions and to divide into groups. They were bused to the test
site (by Vehicle 3) where they received additional information on the test and a
folder with six test forms. The subjects were then split into random groups of five
or six. They were taken to their test house by a supervisor who remained with the
group throughout the test and who gave them more information on the conduct of

* 10-dB down time is the time period when the sound level is within 10 dB of the maximum level.
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the test. All of the subject training and supervision was performed by the German
researchers. (Figure 14 shows a typical indoor group of test subjects.)

Before the actual test started, there was a pretest that used two pink-noise
samples as the pair of sounds. For the first two pretest pairs, the ASEL of the two
sounds in each pair differed greatly (10 dB). In the first pair, the first sound was
of a much higher level, and in the second pair, the second sound was of a much
higher level. In the third pair, the ASELs of the two sounds were equal.
Supervisors would check the participants’ answers after each pretest run and use
the first two pretest pairs to verify that everyone understood the instructions. If
a test subject chose the “wrong” answer during the pretest, the supervisor would
re-explain the instructions to everyone. If necessary, more pretest pairs were run
until everyone fully understood the instructions. The subjects used response form
number 0 for the pretest. Figure 19 shows an example of the machine-readable
subject response test form.

The judging of each pair of sounds consisted of four different segments. First, a
red light would be lit, and subjects would concentrate on the first sound in the
pair. Second, a yellow light would be lit, and the participants would listen to the
second sound in the pair. Third, a green light would be lit and the subjects would
have approximately 5 seconds to mark which sound was more bothersome or
annoying. Finally all lights would be turned off, and the subjects would wait until
the red light was turned on to signal the start of the next pair of sounds. The red
and yellow light segments for the vehicles and small arms lasted for
approximately 30 seconds, for the blasts, these lights were lit for about 5 seconds.
(Figure 13 shows these control lights atop the loudspeakers in a subject room.)

The computer in the equipment room controlled all of the lights along with the
generation of the control sound. The operator of this computer (see Figure 16) was
in radio contact with the various military sound source sites. In this way, the
entire test was fully coordinated and choreographed. USACERL supervisors were
at each sound source site to coordinate activities. Because this was a binational
study, communication of instructions to each sound source site was a concern.
There was one supervisor (who was German and bilingual) with the small arms,
one with the tracked vehicles, one at the blast site, and one with the wheeled
vehicles. Figure 6 shows V2 ready to start and other wheeled vehicles being
staged into sequence for drivebys, Figure 4 shows a supervisor starting V1 for a
driveby, and Figure 20 shows a supervisor starting the Leopard II tank. Many of
the German civilian vehicle drivers were bilingual, and the American supervisor
used large signs (painted pin-pong paddles) to signal each driver. These signs
were numbered for the wheeled vehicles and painted red and green (“ready and
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Figure 19. An example of the machine-readable subject response test form.




Figure 20. A supervisor starting the Leopeard I tank. Note the large paddie used for signalling.

go”) for the tracked vehicles. The German military sergeants at the blast site also
spoke excellent English.

The test consisted of 110 pairs of stimuli. For half the pairs of sounds, each
military test sound was compared with its associated set of five wheeled-vehicle
control sound levels, and the three loudest military test sounds along with V2
were each compared with five levels of computer-generated pink/white-noise
control sound. This resulted in 56 comparisons. These pairs of sounds were
presented in seemingly random order, with consideration for the return time for
the control vehicles. The order of test and control sound within each pair was also
apparently random. For the second half, each of the same 55 pairs of sounds were
presented in a different random order, but for the second half the order of
presentation within each pair, between the test sound and the control sound, was
reversed as compared with the first half. Tables 3a and 3b list the 110 pairs of
sounds used during each test.




First Helt
1t Event and Event 1ot Event and Event
1 |ve +5 Pink Noise 20 fv1 [Near Gun-80 shots
2 |+10PikNoise  [Leo 30 [10PinkNoiss  [Near Gun-60 shots
3 |vs Small Blast 31 |+5PinkNoiss  |Leoll
4 |vs [Near Gun-60 shots | 32 [Large Biast va
5 |ve [FarGun-6oshots | 33 [s10PinkNoise V2
6 |ve [Leo 1 34 |Far Gun60shots  [vs
7 |small Biast va 35 |10 White Noise |Large Biast
8 [Large Biast +10 White Noise % |va Leo i
9 |+10PinkNoise  |Near Gun-oshots | 37 |Smail Biast ve
10 |Leo i -10 Pink Noise 38 |Marder v2
11 [Near Gun-60 shots fv5 39 |Far Gun-60 shots  [v3
12 |Near Gun-6 shots  [v2 40 |Large Blast +5 White Noise
13 |va Marder 41 |Near Gun-60 shots |5 Pink Noise
14 |va Large Blast 42 |v2 -10 Pink Noise
15 [Leo Vi 43 |vs Near Gun-6 shats
16 |-5White Noise [Large Blast “ |vs Small Blast
17 |Near Gun-60 shots {+5 Pink Noise 45 |Large Blast -0 White Noise
18 |Marder V5 % |v2 Far Gun-60 shots
19 |Large Bast v2 47 |Marder va
20 [Near Gun6 shots  |V3 48 |Leo v3
21 |va Near Gun-60shots | 49 |V5 |Large Biast
22 |Leont -0 Pink Noise 50 |-0 Pink Noise Near Gun-60 shots
23 w1 Large Blast 51 |5 Pink Noise v2
24 |Near Gun-60 shots |v2 52 |ve Marder
25 |Near Gun-6 shots |ve 53 |5 Pink Noise Leo Il
26 |vs Leo i 54 |va Far Gun-60 shots
27 |va Near Gun-6shots | 55
28 [v2 -0 Pink Noise v2 Small Blast

Table 3a. Order of the sound pairs for the first half of each test. The designation (peir 1) “+5 Pink Noise™
shows that the control sound level for that set and test sound was pink noise presentsd at 5 dB above the
“base” sound level. (Table 1b gives “base” sound level by set and test sound.)




Second Half
18t Event 2nd Event 1t Event 2nd Event

1 |-0 Pink Noise Leo I 29 |Large Blast -5 White Noise

2 |v2 Marder 30 |V5 Near Gun-60 Shots

3 |Near Gun-60 Shots  |-10 Pink Noise 31 |-0 Pink Noise V2

4 |Large Blast VS 32 |Large Blast V1

5 Jleoll +5 Pink Noise 33 |v3 |Large Blast

6 |Marder V3 3 |Leo i -5 Pink Noise

7 |Near Gun-8 Shots V4 35 |Marder V6

8 [v2 Near Gun-6 Shots 36 |Near Gun-6 Shots V5

9 |Far Gun-60 Shots V6 37 |v3 Far Gun-80 Shots
10 |V§ Marder 38 |v2 Near Gun-60 Shots
11 |Leo ll +10 Pink Noise 39 [Near Gun-60 Shots  |V4
12 |-5 Pink Noise Near Gun-60 Shots 40 |+10 White Noise Large Blast
13 |v2 -5 Pink Noise 41 |V3 Near Gun-6 Shots
14 |v4 Small Blast 42 |Far Gun-60 Shots \'t4
15 V5 Far Gun-60 Shots 43 |Leo Il V5
16 |Near Gun-60 Shots  |+10 Pink Noise 44 |Large Blast V'L
17 |Small Blast V3 45 |+5 Pink Noise Near Gun-60 Shots
18 V1 Leo ll 48 V2 +10 Pink Noise
18 |Small Blast V2 47 |Near Gun-60 Shots -0 Pink Noise
20 |-0 White Noise Large Blast 48 |va Leo Il
21 |vé Small Blast 49 145 White Noise Large Blast
22 |Far Gun-60 Shots V4 50 |v2 Large Blast
23 jLeo il V2 51 }V6 Near Gun-6 Shots
24 |Near Gun-60 Shots |V3 52 |Small Blast V5
25 }Near Gun-60 Shots |V1 53 |-10 Pink Noise Leo il
26 |Large Blast -10 White Noise 54 {v4 Marder
27 [-10 Pink Noise va 55 {+5 Pink Noise \'2
28 |Leo ll V4

Table 3b. Order of sound pairs for the second half of each test. The designation (peir 1) “-0 Pink Noise”
shows that the control sound level for that set and test sound was pink noise presentsd at the “base” sound
level. (Table 1b gives the “base” sound levels by set and test sound.)
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The test form (shown in Figure 19) was used by the test subjects to mark which
sound was more bothersome or annoying. The first 11 lines in each of the two
sections of each test form were used. Test form numbers 1 through 5 were used
for the 110 pairs of sounds. Subjects marked the form after each pair of sounds
was presented. The subjects were also told to mark how difficult it was to make
this decision. They judged difficulty in deciding on a scale of 1 to 5 with the
endpoints anchored by the adjectival descriptions “very easy” (sehr Einfach) and
“very hard” (sehr Schwer). It is important to note that test participants were
required to decide which sound of the pair was more annoying or bothersome for
every run. Subjects were required to make a decision; they could not say that the
two sounds were of equal annoyance. But they could indicate that it was “very
hard” to decide.

Test Conditions

Three conditions were tested. First, like most previous research in this general
area, the windows in each room were closed. The windows-closed condition was
used during the first five sets of the test. Second, for the last five sets, the
windows were partially open, enabling air flow but not allowing the subjects to see
the test stimuli. Figure 21 shows the windows-open condition. Third, for tests 7
through 10, one room was chosen to be vacated and the subjects from that room
occupied an outdoor area directly west of the test house. Figures 17a and 17b
indicate the location of the outdoor group (shown in Figure 22.) The outdoor group
was enlarged from the normal number of 5 or 6 subjects to about 15. All of the
subjects could properly hear the test sounds and the wheeled-vehicle control
sounds. But the loudspeaker control sound could be heard properly only at the 6
subject’s positions near the center of the group. Subjects too far to the sides heard
a loudspeaker sound that was too quiet. So all of the data were used for analysis
when the control sound source was wheeled vehicles, but only data from the
original subject positions were used for analysis when the control sound source
was loudspeaker-generated noise.
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4 Data Analysis

Subject Response Data

The responses of the participants were read by computer and stored in DBASE®
files. These were then analyzed to determine the test sound ASEL (CSEL for blast
sounds) at which 50 percent of the subjects felt that the test sound was more
annoying. Figure 1 shows a hypothetical, typical data plot.

Subject Data Reduction

For the American analysis, the subject responses were pooled into large groups
and analyzed for es~h test source paired with each of its 5 respective control sound
levels to find the percentage of subjects that were more annoyed by the event at
each control sourd level. As is shown in Figure 1, plots of these data should take
the form of a transitional function such as a sigmoid, logit, or Gaussian cumulative
probability curve. Each curve will take this shape for when the control is very
quiet; 100 percent of the subjects will find the test sound to be more annoying, and
when the control is very loud, 100 percent of the subjects will find the control
sound to be more annoying. However, it is not feasible to test with extremely high
or low level control sounds. For example, control levels at or below 20 ASEL are
virtually inaudible and unmeasurable, and control levels at or above 110 ASEL are
well above recommended levels for hearing conservation. So in this analysis, a
transitional curve was fit to the data, but this curve was constrained to be very
near to 100 percent for control sound levels at or below 20 ASEL, and it was
constrained to very near zero percent for control sound levels at or above 110
ASEL. Once the plots were generated, the point at which 50 percent of the
sul jects felt that the event was more annoying than the control sound was found.
This point was called the “equivalency point,” meaning that the annoyance of the
event and control were equivalent.

In the past, linear regression has been used to fit to the linear, transition portion
of the curve. This technique works fine when the 50 percent point lies in the
middle of the data range. In the past, this condition has usually been the case
because great care is taken during the test to set the test and control sound levels
to appropriate values. During this test, rapidly changing weather ~uditions did
not permit us to control the blast levels to the desired degree. Sometimes
propagation conditions caused the blasts to have higher or lower levels than
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expected (from earlier measurements that day). As a result, much of the blast
data could not be analyzed using linear regression. Table 4 contains three
example data sets. The first column contains the large blast data of set 7, a
normal day; the second column contains the small blast data of set 8, a quieter
than expected day; and the third contains the large blast data for set 10, a louder
than expected day. Intuitive examination of the data in Table 4 suggests that the
50 percent point (equivalently annoying vehicle sound level) should be about 57,
45, and 67 ASEL for the three cases, respectively. Figure 23 shows the data for
set 7, the case where the blast levels were as expected. The 50 percent point lies
in the middle of the control sound level range. Figure 23 shows a line fit to the
data using linear regression and transitional cure fit to the same data and
constrained at low and high control sound levels as indicated above. In this
figure, both analysis methods yield virtually the same result, just over 57 dB, and
the result is the same as one would intuitively expect upon examination of the
data. The error bounds (90 percent confidence) to the linear regression at the 50
percent point meets our requirement of +20 percent. Figures 24 and 25 show the
data for sets 8 and 10. Each demonstrates an extreme where the 50 percent point
control sound ASEL is either above or below all of the actual data. In Figure 24,
most of the data are beyond the transition towards zero percent, and in Figure 25,
most of the data are beyond the transition at 100 percent. Again, in these two
figures, both linear regression and transition function fit are portrayed. The
better fit using the transition function and the general agreement with intuitive
expectation is obvious. In Figure 24, the intuitive value (above) is 45 dB, the
transition fit is 45.1 dB anu the linear regression fit is 36.0 dB. Linear regression
can not be used to fit one-half of a transitional curve. Even though both
techniques result in about the same estimate in Figure 25, the 90 percent
confidence intervals (Figures 24 and 25) for the linear regression lines show just
how inappropriate this technique is when the 50 percent point does not lie in the
middle of the data range. So, in this study, all of the data have been fit to

SET 7 Large Full Range SET8Small |  Mainly Low SET 10 Large Meinly High
Control Vehicle | % More Annoyed |Control Vehicie| % More Annoyed | Control Vehicie | % More Annoyed
ASEL By Blast ASEL By Blast ASEL By Blast
63 3 63 13 7 4
61 50 61 13 63 47
57 50 57 9 61 87
52 52 52 13 57 80
247 84 47 43 52 100

Table 4. Example large biast data for sets 7, 8, and 10. This table contains indoor data (all rooms) for
{arge biast sounds compared with vehicle noise as the control sound.
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LARGE BLAST, SET 7-VEHCLE CONTROLS
P=0985363608 FitStEm=59129276 Fslot=201.968546
Rok 1 Eqn 8013 y=o+b/1+{x/c)"d) LogisticDoseRep!
0=~15040813 b=101.75249
€=57.334206 d=5823269
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a. Transition function fit to the data.
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b. Linear regression fit to the data.

Figure 23. Indoor data (all rooms) for set 7—iarge biast sounds compared with vehicie noise as the
control sound. This figure shows the good comparison between the two analysis methods when the 50
percent point lies in the middie of the data range. The intuitive estimate, and both fits agree at 57 ASEL.




SMALL BLAST, SET 8-VEHCLE CONTROLS
P=0991792275 FitSidEms=462044392 Fsiot=362500342
Rork 1 Eqn 8013 y=o+bA1+(x/c)"d) LogisticDoseRspl
o=1.8934457 b=97.170836
c=45046084 d=9.8130446
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b. Linear regression fit to the data.

Figure 24. indoor data (all rooms) for set 8—emalil biast sounds compared with vehicle noise as the
control sound. This figure shows the poor comparison between the two ansiysis methods when the 50
percent point lies outside the data range and the data include a transition region. The intuitive sstimate
is 45 ASEL, the transition fit estimate is also 45 ASEL, but the regression fit estimate is 36 ASEL and the
90 percent confidence interval is about +50 percent.




LARGE BLAST, SET 10-VEHCLE CONTROLS
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b. Linear regression fit to the data.

Figure 25. indoor data (all rooms) for set 10—lerge biest sounds compered with vehicie nolse as the
oconirol sound. In this example, the two estimates agres with intuition, but the 50 percent confidence
mmmmm(ummmm)hmmmmwmm
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transition curves constrained to be very near to 100 percent for control sound
levels at or below 20 ASEL and constrained to be very near to zero percent for
control sound levels at or above 110 ASEL.

These constraints are very conservative. A vehicle pass-by producing an ASEL of
20 dB (indoors at the subject) is unmeasurable and would have a maximum level
that might be audible only in the quietest surroundings—no one else breathing,
no wind, no other noises, including heating or ventilation noise. A vehicle pass-by
producing an ASEL of 110 dB (indoors, at the subject) would have maximum level
well in excess of the maximum permitted by the Occupational Safety and Health
Administration (OSHA). The actual control vehicle levels (indoors at the subjects)
varied between about 42 and 71 ASEL (windows open and closed) and
encompassed the needed control level for nearly all of the data.

One of these transitional plots (see Figure 1) was produced for each test sound and
corresponding set of 5 control sounds. (Table 1 lists these pairings.) The
transition function selected (using maximum likelihood) for any plot was one of the
following three: the Gaussian cumulative probability function, the sigmoid
function, or the logistic dose-response function. The selection was made on the
basis best fit to the data. The cu:rve having the largest F-statistic (minimum
mean square residuals) was selected.” Appendix A contains all of the curves used,
a data listing, the statistical data analysis, and a listing of the residuals.

The German researchers used essentially the same analysis procedure but with
smaller groups, and with pooled data. The comparison between these two methods
of analysis is very good, and both results are given in the summary tables.
Averages of the two methods are used for purposes of discussion and for the
development of conclusions.

Acoustical Levels

The acoustical levels for the small arms, tracked-vehicle, and wheeled-vehicle
sound were kept very constant from test to test, so the resulting data could be
aggregated together based on test condition (windows closed, subjects indoors;
windows open, subjects indoors; or subjects outdoors). The blast sound levels were
not constant enough from day to day because of changes in sound propagation

* The Sigmoid is the integral of the Logistic peak function, and the Cumulative is the integral of the
Gaussian peak function. Since the cumulative area of symmetric peak functions yields symmetric
transition functions, the Sigmoid and Cumulative are fully symmetric about the center of the
transition. mmmmmuammwm This
function has a power term that produces an asymmetrical transition.




conditions. So the blast sound data could only be aggregated by one or two sets
at a time. These blast sound level “bins” contain about a 3 dB range of blast
sound levels. Table 5 summarizes this aggregated data. Appendix B contains the
(American) measured average data for sound sources except blasts, and Appendix
C lists the (American) measured blast data for each set.

Table 2 listed the general, energy averaged outdoor measured acoustical sound
levels. Table 6 lists all of the acoustical data used for overall analysis. These data
are energy averaged and rounded to the nearest 1/2 dB. In general, the indoor
data were measured using the eight indoor microphones, and, in general, the
outdoor data were gathered using the free-field microphone. Blast data were
gathered using the microphone located about 10 cm from the middle of the front-
facing wall of the test house, and data for the outdoor group were measured with
a microphone placed at ear height and in the middle of this group.

Subject Data Resulits

Tables 7, 8, and 9 summarize the data by location and sound source. These three
tables contain all test sounds except blast sounds. Each of these tables is for a
specific test condition: indoors, windows closed; indoors, windows open; outdoors.
The data by room (or group for outdoors) are listed in Appendix D. Each listing
also includes a statistical analysis for the curve fit and the residuals. (For the

Grouping (Set Number and Cherge
Bin Conter Peak (dB) Bin Center CSEL (dB) Size, LzLarge; ScSmell
112 89 1S
First 113 90 28,38
Half 117 94 48, 55
Sets 119% 96 2L, 3L
1-5 120 97 i
123% 100 4L, 5L
106 8 6S, 7S
Second 112 88% 8s, 95
Half 119 97 108
Sets 114% 90 6L, 7L
6-10 119% 95 8L, 9L
126 103 10L

Table 5. Aggregstion of blast data by received level.




USACERL TR EC-H404

*dnosB sip 0 18P 0 Uy
pus 3oy 190 1 peoud SUOHUOIONS B M PANSESW Siem dnAuB JOOPINO Stf} JO0) BINP PUB ‘SEN0Y 1884 S JO O BUIORI-HUO L JO SIPPRU S} WIOH WD 0L INCYE PSSO

SUOUIOIoNRY 01 Buen Pesspes ciem BEp NG “sucydolon PIeY-ee ol Buren Peisped esem BEP J00PIN0 S ‘TISUSE W) ‘Pue ‘seucydasiw Bo!._...u.o..au.ia
PRINSESW CJ0M WBP J00PUE 0 ‘Tl 1) BE ¥ WEINEU Syl 0F PEPUNOS PUS PeBeseas ABISUS QI8 TP SSSYL SISAIBUS EISAD 84} JO) PESN BIBP SINSNCOE iIY 9 GG
09 9 29 L 2y 9 OpYeA
9 V] V] 2 i S OPIOA
oL 9L 9 LS 2 ¥ SPIYOA
7 oL 6L 19 SS € OPIYOA
18 s 98 €9 LS 2 9pIyeA
18 s 6 V) 9 | OPeA
V] €L %2l 29 8s Joprep
WL %eL #%eL %89 %29 1| predoe
oL 2L %80 %05 %ey S10ys 09—sunb ey
%L Uy, Y] %iS Iy 81048 9—sund JeeN
%08 e 08 %09 IS $0ys 09—sunb JeeN
01-L %0g swefang 01-9 598 PoLd -1 019G proid 01-9 8108 si0eiang $-1 898 speiang 003n0G punog
® 2200p0 084y} JOOPINO “081y JOOPINO 38 8100puy 18 s100pWy




‘S100{QNS 100U 20} ‘8200017, 98 PENUDIep eeoL) 204 Wedxe S1oeigne
O\ )O UCRBOO] O 18 PEISIRED G20m BITP [BORSNOCE GULL "SI00PU] PEIBOO] &I8 SIXSIQNS SLLL ‘PESOIO SMOPUM ‘g YBNONR | SI98 JO) SJ8 WP (SIRINOCOE
Ol ‘SUONIA-PENCR A PUS SULID NS J0) SWO0: 90008 pewleidle pue WoO) 198 Aq . senued, BURINGS: PUB SISAS| [SORSNOJE HRIGAD ‘L QUL

141} 1 171 1] 99 ove res el oKL T 0'si TEL r4] 5] LaL 8.8 omou
2 OPROA
e oL 2 96 TU »29 -2 089 9'c9 08 6L 6'co ol v 19 os0u x|
" u!_os_
19 57 s cR oL Loy Toe oL T0s se Ze U\s TR T 0'1S 810U dMOUs 09
-sunl JenN
¢ e ] t 40 (Y>] ¥ *s- $'6S (1] es- 9'6S s'6s 9L 4] 6'ss SOOIV
A span|
oy 908 -] g (1] ] i V98 1> ] Vi 9'95 13> - 09 Nt WY
1) prdos
re (7] yier] Lo 128 ey 09 $'08 o'ty e »2S o'sy 8's g'or oy SOONRIOUS 09
aunB m4
et o v zr 0'ss ooy a0t 028 o2y zel 1’98 s oLt L6S ety SOPSARIOUE O
-sunB mepN
2 9'e9 (] t 47" €9 Loy Le 0'0S Z0s 144" 1'99 ] 921 9'c9 0'ls SOPLBATIOUS
09-sunB moN
Ayoweg] TB8V] WeV] Awsued] asv] aev| Aweued| TaeY] TIeV]| Aweued] Tasv] Tasv| Aieued! Tasv| Tasv .3..8_
(o I‘Li.‘ !!BOES..SL (o V) .o!ao_.e._.oL .ls_.o!so_.o!oo, .CS_EOL;L /80IN0g We)
™ g wooy 0 wooy a wooy v wooy

S OL | 8138 !8!.:




UBACERL TR EC-0404

"8100iqns JO0PY] 10} . 'S200PIN0,, 88 PeIsUBIsep esoLp 20) idedxe S1OejaNs
043 JO UORSIOY S 18 POIISD esem TP [BIENOOE SYL "SI00PUY PEIEOO] 88 S3100{QNS SUL “USdO SMOPUM ‘0L USNON 9 108 10) 818 BIBP [BINSNOIE
YL SOPRNYSA-PINORS PUS SULS WS IO} SWOOS 830108 pejeBesBls pus WOO) 198) Aq . sefijeusd,, BuNiNSe) PUS SIOAS] (BINSNOIT HRIGAD ‘g 6|qQEl

/s ' [~ ] 3 13 oL cie [ Y1) '8 o ra i} ru 69 (1) 13 /3 s

' 1} OBOU Wl
T oPNeA
[ 1 reL s 9 £ 4173 960 2 ] 1] oo 801 £4.73 1] 89 | 273 9% o8ou yuyd/
1) predoe
oel [ 1) 00 o2 roL L8 = L £ 908 oe seL 19 e Yi 08 OBV WUl
®0ys 09-eund JweN
L £ o TN o e gos 1] (34 (3] o 9T oos vie €T oes [ 4% SOPNON
spen
L 98 [ e (1] e [ 3> 9 1’09 60 e o9 90 L9 oM Lo )
1t psadoey
ve 99 908 -1 1} e ror 901 900 (1] 134 998 608 99 oS Ly SORRIBNEOYS 00
ound m4
[ £ i ¥is [ 2 ] g8 4208 [¥3 0es cos [ 4 298 [ 41} (3] 1’98 oo SOPNSANOUS §
un meN
[} ] 14 ] [ 1 1] [ 7] £4 ] e Iy} 908 972 ' g 9L (1] 408 SOPNSVNOYS 00
aunB ey

L eV e Awsuny ) v ] ey v sy ey =V KAyved eV eV )

o9 ) ameg > L] omog (2] aue) comog [ 3/} [ ] oamog (1 2/} AU | Suneg Onog ey
™ (] -eey ] -osy ] wooy v weey
0 0L 9 S smep




SOORNISA POy AQ PeIEIeusd SEM PUNOS JOJUCO S} USYM SANOCIS OM) 182 G143 10} SHNSSI PSUIGUICD G} SURIILOD ULINIOO MBP PR SYL "PUNOS OAUCD
SSIOL-SHUM 01 10U INQ ‘AISIBINICE PUNOS JOAUCO SIORIGA-DSISSUM L} J00Y PINOD (LWINKCD PUCIEE) SIXNANS  BIIXD,, GULL “ULINOD I8 SU} U] 818 WISP Nl
‘PUNOCS JORUCO SSIOU-S3M 84 Joey Apedoad PINOD 8106{qNS 9 ANO 'S106[GNS ey JO LUOHEIO SY) 18 Peseiel sJem MEP EORSNOJE SUL 0L YBnoNR L
S)08 10} 8J8 MBP [EONSNOOE SULL “SSIONISA-PENOSS PUS SULR HEWS 205 NI J00PIN0 e 10  sepeued,, BuRNEs) DU SIEAS] [SINSNOJIE NBISAD '8 SIQEL

0o yul/
T SPNA

090U Wy

omou

MR

TERY soneg

I}

'HEERENE

L

o el




USACERL TR EC-04/04

sake of brevity, the actual transition curves were not reproduced.) These tables
show that there were no great differences between groups for a given condition.

Unlike the other test sound sources, the blast sound data could not be separated
just by condition (windows open, windows closed, outdoors) because the received
blast sound levels varied greatly from day-to-day. Rather, these data had to be
aggregated into “bins” (Table 5). Because the data were only aggregated by one
or two sets at a time, there were too few subjects per aggregation to analyze the
data by room (or outdoor location). So Tables 10a and 11a summarize the blast
sound results by blast sound level (bin) and test condition. Table 10 is based on
acoustical data collected near to the subjects, and Table 11 is based on acoustical
data collected outdoors.” These tables also include the data analyzed by single sets
(Tables 10b and 11b). The curves, listings, and statistical analysis for these data
are contained in Appendix E.

Table 12 gives the size of explosive used during each set; the sizes were varied
because of weather conditions so as to keep the received blast sound levels as
constant as possible. The target levels were 121 and 115 dB peak, flat-weighted
sound pressure level, respectively, for the large and small blast charge sizes.

* As previously noted, the blast data were measured with a microphone on the front face of the test
house; the vehicle data were measured with a free-field microphone (Figure 12). However, the
blast data normally arrived at grazing incidence to the front of the test house (Figure 11). For all
test sets except sets 2 and 3, the free-fiekd microphone and the front-face microphone both
measured like levels for the blast. On sets 2 and 3, the alternate blast site was used (Figure 11)
and there was some pressure doubling at the front face of the test house. Since the subjects, and
more importantly the structure, reacted to these higher, pressure-doubled levels, the front-face
microphone data are used for this analysis.




Subject
Acoustical Blast Control Blast Control
Dets Sets St Source CSEL ASEL (A dB)
Small Vehicle 77 52.2 -24.8
1 Vehicle 65.6 -18.4
Large 84
Noise 7.7 -12.3
Small Vehicle 78 50.5 -27.5
Wimcu | 283 Vehilce 53.2 20.8
Large 83
Noise 62.9 -20.1
Small Vehicle 83 57.7 -25.3
485 Vehicle 65.6 -21.9
Large 87%
Noise 72 -15.5
Small Vehicle 79% 48.7 -30.8
6&7 Vehicle 515 -37
Large 88%
Noise 58.9 -29.6
Small Vehicle 83% 497 -33.8
gp";?“ 889 Vehicle 57 34
Large 91
Noise 56.5 -345
Small Vehicle 90 63.5 -26.5
10 Vehcile 68.4 -27.6
Large 96
Noise 82.6 -134
Small Vehicle 84 79.6 49
6&7 Vehicle 76.7 -14.3
Large 91
Noise 79.1 -11.9
Small Vehicle 89 61.4 -27.6
Outdoors 8&9 Vehicle 63.7 -31.3
Large 95
Noise
Small Vehicle 6% 85.6 -10.9
10 Vehicle 90.8 -12.2
Large 103
Noise 90.5 -12.5

Table 10a. Bilast and control levels (measured at subjects) and resulting differences by “bin” (Table 5).
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o4 USACERL TR EC-04/04
Free-Flold Blast Blast Control
Outdoor Deta Sets Size CSEL ASEL (A dB)
Small 89 77 -12
1
Large 97 96.1 09
Windows 2and 3 Small 20 745 -15.5
losed a
c Large 96 785 -17.5
Small 93% 85 -85
4and 5
Large 100 96.4 -26
Small 83 64 -19
6and7
Large 90 67.9 -22.1
Windows Small 88%% 65.4 -23.1
Open 8and 9
lLarge 95 75.6 -19.4
10 Small 97 84.4 -12.6
Large 103 91.1 -11.9
7 Small 84'% 79.6 4.9
Large 91 76.7 -14.3
Small 89 61.4 -27.6
Outdoors 8and 9
Large 95 63.7 -31.3
10 Small 96% 95.6 -10.9
Large 103 90.8 -12.2

Table 11a. Biast and control levels (measured outdoors In a free-fleld) and resuiting differences by “bin”
(Table 5). There are no white noise control data “outdoors.”
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Free-Fleld Blast Blast Control
Outdoor Deta Sets Size CSEL ASEL (A dB)
Small 91 78.3 -12.7
2
Large 9 79.2 -16.8
Small 89 711 -17.9
3
Windows Large 96 776 184
Closed
Small 93 92.1 09
4
Large 100 101.5 1.5
5 Small 94 81.2 -12.8
Large 100 91.7 8.3
Small 81 634 -17.6
6
Large 89
Small 85 66.7 -18.3
7
Windows Large 91 75.8 -15.2
Open Small 88 59.5 .28.5
8
Large 94 64.2 -29.8
Small 89 72.8 -16.2
9
Large 96 84.7 -11.3
Small 88 78.7 -9.3
8
Large 94% 78.3 -16.2
Outdoors
Small 89% 75.7 -13.8
9
Large 96 85.1 -10.9

Table 11b. Blast and control leveis (measured outdoors In a free-field) and resulting differences by set. There
are no white noise control data “Outdoors.” Data for sets 1 and 10 indoors and 7 end 10 outdoors are included
in Table 11a.




Blast Charge Sizes

-t

2 kg, 500 g

2 kg, 500 9

2 kg, 300 g

2 kg, 500 g

1 kg. 200 g; 2 kg, 500 g
2 kg, 500 g

4 kg, 1 kg

4 kg, 1 kg

4 kg, 1 kg

4 kg, 1 kg; 2kg, 500 g

© [ I[N s WN

-
o

Table 12. Biast charge sizes by set for the large and small charges respectively. For sets § and 10, the
weather conditions changed sufficiently during the test to warrant a change in charge sizes between the first
and second halves. With this change in charge size, the received sound levels remained constant enough from
first half to second half so that all of the data for the set could be analyzed together.




5 Discussion

In the following, results are given both for acoustical data gathered near the
subjects’ ears and for acoustical data collected outdoors, but with subjects
indoors.

Small Arms and Tracked-Vehicle Sounds—indoor Data, Measured at Subjects’ Ears

Table 13 summarizes the results for the *»=~ test conditions of windows closed,
windows open, and outdoors (except t. »und). Table 13 includes both the
American and the German results in parenthesis, and the average of the two used
for purposes of this discussion. These results are based on measurements from
microphones placed near the subjects. This table includes amalgamated data for
the four indoor rooms taken together and for the enlarged outdoor group. As
previously noted, only the “regular” outdoor group could accurately hear and judge
the outdoor white-noise control sound, so only their data are reported for the
white-noise judgements. In Table 13, the “differences” are the penalties one would
add to make the subjective annoyance assessments equivalent.

Several points can be derived from the results in Table 13. First, the subjects’
answers are dependent on the control sound source. The results using the pink-
noise control sound are substantially different from the results using wheeled-
vehicle sound as the control. In fact, this difference is on the order of 10 decibels.
Second, the penalty for small-arms sound shows considerable variation with
distance, rate-of-fire, and test condition (windows open or shut or subjects
outdoors), and ranges from 3 to 13 decibels. Overall, this penalty is on the order
of 8 to 10 decibels. Third, there is a small, negative penalty to be applied to
tracked-vehicle sound when compared with wheeled-vehicle sound.

The differences between using a pink-noise or wheeled-vehicle control sound are
unexpected and counter to “conventional wisdom.” Nevertheless, these differences
are internally consistent. With windows closed, the difference between the pink-
noise control sound level and an equivalently annoying vehicle sound level—both
measured near the subjects’ ears—is about 12 or 14 dB (ASEL). This result is in
sharp contrast to the widely accepted theory that A-weighted Leq and ASEL are
adequate for noise assessment. But the results are internally consistent,
indicating that this difference of 12 or 14 decibels is real. Table 14 demonstrates
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this internal consistency. This table shows the difference in penalty between using
these two control sounds (vehicles or pink noise) for small arms and tracked vehicles
compared with the difference between V2 and its equivalent pink noise control
sound. Table 14 includes the three test conditions. Blast sound is not included in
Table 14 since the white-noise control sound used with blast sounds had a different
spectrum and duration than the pink-noise control sound used with V2, near gunfire
(60 shots), or with the Leopard II tank. For each test condition, the difference
between V2 and its equivalent pink-noise control sound is very similar in value to the
difference in penalty found between using vehicle or pink noise sound as the control
for near gunfire (60 shots) or the Leopard II tank sound.

This difference between pink-noise and wheeled vehicle sound is very important to
testing methodology and interpretation of results. Some have suggested that in a
paired comparison test, subjects are responding to loudness. If this were true, then
the responses would be more or less equal for equal ASEL. This is not true; the
subjects are assessing annoyance, as requested in the test instructions. Further, this
difference between pink-noise and wheeled vehicle sound calls into question any
testing methodology that uses artificial sounds, since these results show that
artificial sounds cannot be used as a surrogate for real sounds when testing noise

annoyance.

The difference between the three test conditions (indoors, windows closed; indoors,
windows open; outdcors) are perhaps more perplexing than the differences between
results using the two different control sounds. In particular, changes between the
conditions of windows closed and windows open are unexpect2d. First, as discussed
above, the penalty for gunfire, and, as is shown later, blast noise, decreases when the
windows are opened or when the subjects are muved outdoors. Indoors, with
windows closed, the small arms penalty (vehicle control noise) ranges from 8 1/2 to
13 dB; 11 dB is average. With windows open or outdoors, the average penalty drops
to abort 7 1/2 dB. With pink noise as the control sound source, the penalty changes
from about 23 1/2 to 19. So for both control sounds, the penalty or gunfire decreases
by about 3 1/2 decibels when the windows are opened. The penalty for tracked
vehicles does not change very mnch when the windows are opened; the indoor
penalty varies a little from about -3 1/2 B when the windows are closed to -2 1/2 dB
when the windows are open.

Small Arms and Tracked-Vehicle Sounds—Outdoor Acoustical Data, Subjects indoors

Environmental noise is normally measured and assessed on the basis of outdoor
data. For example, airport or highway noise contours predict the outdoor levels;
not the levels at the ears of residents in houses. So mpare military noise
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vis-a-vis traffic noise, it is mandatory that the “penalties” be based on outdoor-
measured acoustical levels—even though the judgments are made by subjects
situated indoors. Table 15 develops these outdoor-measured penalties for subjects
situated indoors.

Table 15 uses the acoustical data measured by the free-field microphone—even for
the outdoeor group, since it is the free-field microphone that simulates what one
would normally measure for general environmental assessment and regulatory
compliance.

Table 15 is similar to Table 13. Both tables are based on the same subject-
response data and analysis. However, in Table 15, the acoustical data are
“translated” from the indoor levels given in Table 13 to outdoor levels. The
outdoor levels for the test and vehicle control sounds are given in Table 6.
However, the equivalen. vehicle control sound levels found in Table 13 do not
correspond to any particular vehicle; they are the result of the transition curve
fitting. Figure 26 shows linear regression lines fit to the indoor and corresponding
outdoor vehicle noise level for both the windows open and windows closed test
conditions. The outdoor levels are taken as the independent variable. This
regression line is used to “translate” the indoor vehicle control levels to the
outdoor levels given in Table 15.

The control vehicle sound attenuation from outdoors to indoors varies with vehicle
and condition as is shown in Figure 26. With windows closed, the attenuation
(ASEL) varies proporticnally from about 30 dB for Vehicle 1 to about 20 dB for
Vehicle 6, and with windows open, the attenuation varies from about 24 dB for
Vehicle 1 to about 16 dB for Vehicle 6. For general traffic, 25 and 20 dB would
be the typical attenuation for the windows closed and windows open conditions,
respectively. This situation suggests that the “penalties” in Table 15 are too large
when the control vehicle sound ASEL are near the top of the range, and too small
when the ASEL are near the bottom of the range. In Table 15, the control ASEL
for Near Guns (6-shots), Far Guns, and the Marder are all near the middle of the
range where the vehicle sound attenuation from outdoors to indoors is typical. So
these require little adjustment. But the control ASEL for Near Guns (60-shots)
and the Leopard II are near the top of the range. Hence, these penalties require
some adjustment to make them the penalty one would derive with typical road
traffic instead of the very large, unusual truck that thev actually pair with. With
windows closed, Near Guns (60-shots) approximately pair with Vehicle 1, and the
Leopard Il approximately pairs with Vehicle 2. With windows closed, both of
these test sound sources approximately pair with Vehicle 2.
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Figure 26. Lineer regression lines fit to the outdoor and corresponding indoor control vehicle sound
levels for conditions of windows closed (26e) and windoes open (26b).
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Vehicle 2 and, especially, vehicle 1 are unusual. Vehicle 2 was a tow truck for
towing large trucks, and vehicle 1 was a very heavy tractor and trailer for
transporting large battle tanks. Since the test plan required that the vehicle
sound levels span a 30-dB range, vehicles 1 through 3 were driven so as to
maximize their noise output, thus maximizing the control sound range. To
maximize their noise output, these vehicles were driven in a low gear so as to
increase engine noise. This vehicle operation, of course, increases engine RPM
and the resulting spectrum of the engine noise. As a result, the largest vehicles
exhibit the largest outdoor to indoor sound attenuation. So test sound sources
that pair with vehicles 1 or 2 should be adjusted for the unusual building
attenuation that results from the operation of these unusual wheeled vehicles.

Since the penalties are being developed with respect to “traffic noise,” one simple
adjustment is to use a standard attenuation by the windows and walls for “traffic
noise.” The data in this experiment suggest that 25 dB is the attenuation of
typical traffic noise attenuation from outdoors to indoors with windows closed, and
that 20 dB is the typical traffic noise attenuation from outdoors to indours with
windows open. These values have been used to convert the data in Table 13 to the
data in Table 16. The results in Table 16 are similar to Table 15 except that the
penalties diminish somewhat for those test sounds that had corresponding control
vehicle ASELs near the levels for Vehicle 1 or 2. (As with Table 15, Table 16 uses
the free-field microphone data for the outdoor group, since it is the free-field
microphone that simulates what one would normally measure for general
environmental assessment and a regulatory compliance.)

In Table 13, the penalty for sound from the near gunfire site with windows closed
is about 13 dB and with windows open it is about 7 dB. The penalty is the same
for 6 shots or 60 shots. Again, in Table 16, the penalty for the near gun sound
seems to be constant with conditions for the near gun site. With windows closed,
the penalty is about 8 dB, and with windows open it is about 4 dB. Table 15 does
not show this regularity with gun site, but this consistency in results evident in
Tables 13 and 16 offers some proof that the adjustments used to obtain Table 16
are valid.

Further, these results in Tables 13 and 16 for sound from the near gun site offer
proof that an equal-energy model is appropriate for gunfire noise. For the same
single event ASEL, the penalty is constant with condition. Sixty shots indicate an
equivalent control level that is 10 dB higher than the control level for 6 shots.
This result holds independently of whether the 6 shots occur in 3 seconds or in 30
seconds. So the equal-energy model draws support from these results. However,
the penalty appears to vary with condition and sound source site (¢vectrum). So
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there is some evidence for some form of level dependence to the penalty. These
data suggest a complicated dependence with level (e.g., ASEL or A-fast max).

The data in Table 16 suggest an overall small arms penalty which is about 8 dB
or less. As with Table 13, the penalties change with condition: windows open,
windows closed or outdoors. But these penalties do not appear to shift with rate
of fire or total number of shots.

Tracked vehicles exhibit an interesting result. For indoor subjects, the tracked
vehicle penalty is about +5 dB when the sound is measured outdoors; it reverses
sign and is about -2 dB when the sound is measured indoors. Because
environmental noise is normally measured outdoors, the results in Table 16 are
considered to be more reliable and useful than the results in Table 13.

A Modei for Small Arms Noise

The data in Tables 13 and 16 support an energy model for small arms, but they
are more equivocal on the value for an exact penalty. There is some evidence of
a level dependent penalty. However, this occurs only for the higher spectral
content gunfire noise from the near site. The lower spectral content noise from
the far site indicates a conflicting result. Nevertheless, the data in Tables 13 and
16 seem to provide strong support for an equal energy model with some penalty
(or penalty function). Under all conditions, and in both tables, when the number
of rounds (near site) changes from 60 to 6, the equivalently annoying control
vehicle sound changes by about 10 dB. Moreover, this result occurs both for 6
rounds in 30 seconds and for 6 rounds in 3 seconds rate of fire.

As noted above, since indoor dwelling unit environments are normally assessed by
outdoor measurements, the best guidance on a penalty comes from Table 16. This
table indicates a penalty of about 7 or 8 dB.

Blast Sound

As with the other test sound sources, blast test sounds were compared both with
control sounds generated by wheeled vehicles and with white-noise sounds
generated using a loud speaker. The wheeled-vehicle control sounds were
identical with those used for the small arms and tanks; the white-ncise control
sound, as described earlier, differed in spectral content and duration from the
pink-noise sound presented to the subjects as the control for V2, the near gun fire
(60 shots), and the Leopard II tank. The white-noise control sound was identical




USACERL TR EC-04/04

to the control sound used in similar, earlier tests at GTA in Germany and at APG,
MD in the United States.’

Figure 27 shows the data and regression line for blast data measured indoors
during sets 1 through 5, data for the windows-closed condition.”” These data
represent equivalency points for blast sound data grouped by level across sets of
data. The data were analyzed by set. For example, the lowest data point occurred
when the blast CSEL was about 68 dB. The white-noise control sound equivalency
point, the point where 50 percent of the subjects found the blast sound more
annoying and the other 50 percent of the subjects found the control sound more
annoying, was 44 dB (ASEL).

Unlike the data for the Leopard II tank, V2 and small arms, the blast data exhibit
no difference between using the wheeled-vehicle control sound or the white-noise
control sound. But the white-noise control sound is vastly different from the pink-
noise control sound used with the Leopard II tank, small arms, and V2. The
white-noise control sound is a short pulse of the 200 to 1500 Hz band of white
noise; the pink noise control sound was a long, haystack time pattern of the 500
Hz octave band of pink noise. So this white noise control sound may fortuitously
yield the same result as the wheeled-vehicle control sound.

Figure 28 shows data and regression lines for earlier results from GTA and APG
along with the new results from Munster. All of these data are for the windows-
closed test condition. At each site, the large charge-size blast sound source was
typically about 5 Ib (or 2 kg) of explosives (C-4 or military TNT), the small blast
sound source was about 500 g of explosives, and the blast site was located about
1 km from the test houses. The most important feature of either regression line
in Figure 28 is its slope. A 1-dB change in (indoor) CSEL corresponds to about a
2-decibel change in equivalent control ASEL.

° At this writing, tests at Aberdeen are still in progress.

= Appendix E contains the tabulated data for indoor acoustical measurements for all the figures in
this section and Appendix F contains similar data for outdoor acoustical measurements. It also
includes the blast data analyzed by bins, where the bins represent like groupings of blast
data—within about 3 decibels. The results with the data grouped into bins are about the same as
the results when the data are analyzed by set.
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Figure 27. Data and regression line for blast data measured indoors during sets 1 through §; data for
the windows-ciosed condition. Deta for both white nolse (filled circies) and vehicle controls (open
circles) are inciuded In this figure. These data represent equivaiency points for biast sound data
grouped across rooms by set. Figure 27a is for the “bin” data and Figure 270 s the data for individual
sets. The resulting regression iines are virtually the same in both figures.
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Figure 28. Data and regression lines for eariler results from GTA and APG (solid diamonds) along with
the new white-noise control resuits yrom Munster (open circies). All of these data are for the windows-
closed test condition. At each site, the large charge-size blast sound source was typically about 5 Ib (or
2 kg) of expiosives (C-4 or military TNT), the small blast sound source was about 500 g of explosives,
and the blast site was located about 1 km from the test housss. The new data fit weli with the oid
resuits. The most important feature of eithier regression line is iis siope. A one decibel change in
(indoor) CSEL corresponds to abou't 2 to 3 decibel change in equivalent control ASEL.

The second half of the test at Munster included both the windows-open and the
outdoor test conditions. When the windews are open, the vehicle sound levels
increase by about 6 dB, and the blast levels (CSEL) increase by about 10 dB.
Figure 29 shows these data for blast sounds. This figure includes just indoor-
measured blast data gathered using wheeled-vehicle sound as the control. The
circles represent sets 1 through 5, the windows-closed test condition; the triangles
represent sets 6 through 10, the windows-open test condition. These two sets of
data differ by about 6 dB; the resulting penalty decreases.

This apparent penalty reduction when windows are opened may be illusionary.
It presupposes that CSEL (or ASEL) is an appropriate indoor measure for blast
noise. Earlier research showed that a quiet rattle sound, not measurable at the
subjects’ ears using either A- or C-weighting, nevertheless resulted in the
equivalent to a 10 dB change in annoyance. So, neither A- nor C-weighting may
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Figure 29. Indoor-measured blast data gathered using wheeled-vehicle sound as the
control. The circles represent sets 1 through 5, the windows-closed tests condition; the
trinagles represent sets 6 through 10, the windows-open test condition. Thess two sets of
data differ by aboui 6 decibels, the change in vehicie sound level when the windows are
opened. Figure 20a is for the “bin” data and Figure 20b is the dats for Individual sets. The
resulting regression lines are virtually the same in both figures.
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be appropriate measures for predicting indoor blast noise response. We do not
know what is appropriate. The conclusion we draw is that present A- or C-
weighted acoustical measurements made indoors for blast sounds are
inappropriate for annoyance judgments made indoors. But, as is shown below,
outdoor C-weighted measurements of blast sound correlate well with judgments
made indoors for both conditions of windows open and closed (and even for
subjects outdoors).

Figure 30 contains data for the indoor groups (windows open and closed—sets 1
through 10) with the acoustical sound levels measured outdoors. The data only
include comparisons using wheeled-vehicle sound as the control, since the
loudspeakers were indoors there are no outdoor loudspeaker sound levels. These
data (Figure 30 compared to Figure 29) clearly show the greater consistency in
using acoustical data measured outdoors for judgments made indoors under
differing test conditions. Without labels, one could not tell which points on Figure
30 come from the first five sets (the open circles), which come from the second five
sets (the open triangles), and which come from the outdoor group (squares).
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Figure 30. Data for the indoor groups (windows closed (circles) and open (iriangles)—sets 1 through
10) with the acoustical sound leveis measured outdoors. The data only inciude comparisons using
wheeled-vehicle sound as the control, since the loudspeakers were indoors there are no outdoor
loudspeaker sound leveis. Figure 30 aiso contains the data for the outdoor subjects (squares).




Blast Noise Models

The most salient feature to the data in Figure 30 is that the slope found earlier
remains when the measurements are made outdoors for sounds judged indoors; a
1-dB change in CSEL of the blast sound corresponds to a 2 dB change in
equivalently annoying vehicle control sound ASEL. The crossover point is at about
100 dB. Above a 100 CSEL, the blast noise should include an adjustment or
penalty (in addition to measuring with C-weighting), below 100 dB, this penalty
becomes a “bonus.”

Overall, the combined Munster, APG, and GTA indoor data indicate a slope of 2
or more to 1; a 1 dB change in blast CSEL corresponds to at least a 2-dB change
in equivalent control ASEL. In Figure 30, the outdoor data clearly show this same
relation; a 1-dB change in blast sound CSEL corresponds to about a 2.4-dB change
in equivalent wheeled-vehicle control sound ASEL. This relation has important
implications on the appropriate model for blast sound community assessment.
Since “normal” community sounds are assessed using A-weighting and an equal
energy model, blast sound cannot be assessed with an equal energy model. If both
types of sounds were correctly assessed with an equal energy model, then the slope
of the curve in Figure 30 (or Figure 27 or Figure 28) would be 1, a 1 dB change in
blast CSEL would be equivalent to a 1 dB change in control sound ASEL. But this
is clearly not the case. Rather, it appears from this rather large body of data
spanning three locations and times and two continents, that blast noise annoyance
grows much more rapidly with sound level than would be accounted for by an
equal energy hypothesis.

For the following discussion, a “noise unit” will be defined as equal to a unit of
sound exposure’ for common, A-weighted sounds. With an equal energy model, for
common sound, a 3-dB change in level corresponds to a doubling of sound exposure
(A-weighted) and a corresponding double of noise units. Sound exposure and noise
units would also double if there were two events at the same sound level. This
relation between event sound level and number of events is what is meant by the
“equal energy hypothesis.”

Blast noise annoyance does not appear to fit an equal energy hypothesis. For
blast sounds, two (incoherent) events at the same sound level produce double the
C-weighted sound exposure (+3 dB), and double the number of equivalent, A-
weighted noise units. But, in contrast, a change of +3 dB in the level of a single

* One sound exposure unit is one (Pascal)® second as defined in American National Standard
Quantities and Procedure for Assessment of Environmental Sound, Part 1, ANS| $12.9-1988.
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blast produces a much greater change in annoyance response than a doubling of
equivalent noise units would indicate. For the line in Figure 30, where the slope
is 2.4, a 3 dB change in blast sound level corresponds to almost a 5-fold increase
in equivalent, A-weighted noise units. Stated simply, five blasts. each creating a
CSEL of “X” correspond to one blast creating a CSEL of “X+3.”

This result is reminiscent of the sonic-boom data gathered at Oklahoma City.
Those data also showed a much larger growth in annoyance with boom level than
can be supported by an equal energy hypothesis. Table 17 lists the Oklahoma City
data as used in the National Academy of Science study of high-amplitude impulse
noise (National Academy of Science 1981). In this table, A-weighted day-night
average sound level (ADNL) is calculated from the percent highly annoyed. Total
day-night ASEL is calculated from ADNL by adding 49.4 dB." Since there were
8 booms per day, 9 decibels are subtracted from this total day-night ASEL to yield
an equivalent ASEL per event. This ASEL is equivalent in terms of annoyance
to the CSEL for each boom. Figure 31 shows these sonic-boom data. Figure 31
portrays single boom CSEL versus equivalently annoying single event ASEL. The
slope is 2.1, and, at about 100 CSEL, CSEL and ASEL are equivalent. The
general agreement between the blast and boom data is remarkable.

Sonic Boom Levels Equivalent Community Response

Tp:'.m %Highty | ADNL | ASEL

Pesk (psf) Peak (dB) CSEL (dB) Annoyed (dB) (dB)
First 1.13 128.1 102.1 105 628 | 1032
First 0.80 125.1 99.1 7.9 604 | 1008
First 0.65 1233 97.3 3.0 527 | 931
Second 1.23 128.8 102.8 16.1 665 | 1069
Second 1.10 127.8 101.8 12.2 641 | 1045
Second 0.85 125.6 99.6 65 568 | 992
Third 1.60 131.1 105.1 21.7 693 | 1097
Third 1.30 129.3 103.3 15.2 660 | 106.4
Third 1.00 1270 101.0 10.1 625 | 1029

Table 17. Deta taken from the Okishoms City data as used In the National Academy of Science study of high-
ampiitude impuise noise. in this table, ADNL is caiculated from the percent highly annoyed. Since there were
8 booms per day, 9 decibels are subtracted from ADNL and 49.4 is added to yleld a “normal” sound ASEL
equivaient in annoyance to the CSEL for each boom.

* 49.4 dB is 10 log (86,400), where 86,400 is the number of seconds in a day.
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As an example of the implications of this nonequal-energy model, if the slope of
the relation between blast CSEL and equivalent ASEL is 2 and 100 CSEL blast
or boom sound is equivalent to a 100 ASEL “normal” sound, then a 110 CSEL
blast sound is equivalent to 120 ASEL “normal” sound. But one sound per day
having an ASEL of 120 dB constitutes a 70 DNL. So with this relation, one gun
blast or boom having a peak level of about 135 dB (a CSEL of 110) would be the
equivalent of 70 ADNL for “normal” sound. This result is much more consistent
with the Oklahoma City results and Bureau of Mines regulations, which limit
blast levels to a peak of 131 dB." (A mine blast with a peak of 131 dB has a CSEL
of about 110-115.) In contrast, the present ANSI S12.4 procedure would indicate
an equivalent DNL of only 60 dB for one blast per day creating a CSEL of 110,
quite a difference (American National Standard 1988). A 10 dB change in CSEL
yields a 20 dB change in equivalent level. Stated another way, one blast
producing a 110 CSEL sound would be equivalent to 10,000 blasts, each producing
a 90 CSEL sound.
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Figure 31. The Okishoma City sonic-boom data. Single boom CSEL versus equivalently annoying single
event ASEL are shown. The siope is 2.1 and at about 100 CSEL, CSEL and ASEL are equivalent.

* A mine explosion having a peak level of 131 dB, has a CSEL of about 110 to 115 dB.




Conclusions

Proper assessment of blast noise environments is essential. However, the fact that
tests involving real sounds in real houses yield different results from tests using
artificial sounds in laboratory settings throws laboratory-based environmental
noise assumptions and test methods into doubt. Measured near a subject’s ears,
the real sound of a vehicle passing is not the same as a computer-generated pink-
noise sound; they differ by 10 dB or more in ASEL for equivalent annoyance. To
obtain reliable, comparative data, this difference indicates that research should
use real sound sources iocated outdoors, at typical distances, and test subjects
situated in real houses.

In this test, subjects were exposed to pairs of given noises, and were asked to
compare the two sources and to choose the more annoying of the pair. The results
of this test suggest a positive relation between type of noise and the level of
annoyance it causes. If the subjects were only judging loudness, then there would
be no large difference between results using pink-noise and wheeled vehicle sound.

The data taken in this study support an energy model for small arms, but do not
specify an exact value for a penalty. There is some evidence of a level-dependent
penalty, but any functional relation is quite complicated. Since indoor dwelling
unit environments are normally assessed by outdoor measurements, the best
guidance indicates a penalty of about 7 to 10 dB, with some values as small as 3-
1/2 dB.

For tracked vehicles, with indoor subjects, the penalty is about +5 dB when the
sound is measured outdoors; the penalty reverses sign and is about -3 dB when
the sound is measured indoors. With outdoor subjects, the penalty is only about
+1.5 dB.

Blast noise is no amenable to a simple penalty—even if measured using C-
weighting. For a 1-dB change in blast sound CSEL, the equivalent control sound
ASEL changes by at least 2 dB. This “trading-ratio” result is consistent across
conditions and tests in this study and is supported by results of earlier tests at
Grafenwéhr, Germany and Aberdeen, MD. The results of this test are also
consistent with sonic boom data taken in a study done in Oklahoma City.

The results of the studies done at Munster, APG, and Grafenwihr clearly show
that an equal energy model overestimates the importance of many low-level events
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and underestimates the importance of a few high-level events. The importance of
this observation should not be underestimated. These results indicate that one
event creating a CSEL cf 110 dB is equivalent to about 10,000 events creating a
CSEL of 90 dB. (Under an equal energy model, the ratio would be 1 to 100, not
1 to 10,000.) One event producing 110 CSEL creates an environment equivalent
to about 70 ADNL or higher.

Thus, a proper, high-amplitude impulse noise model does not appear to be an
equal energy model. Rather, each event must be converted to “equivalent A-
weighted annoyance units,” which can then be summed to total the equivalent
environment.
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Figure A1

Test Source: Near Gun, 60
Condition: Windows Closed
Control Source: Vehicles
Data Included: Sets 1-5
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PERCENT FINDING EVENT MORE ANNOYING
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Figure A2

Test Source: Near Gun, 6
Condition: Windows Closed
Control Source: Vehicles
Data Included: Sets 1-5
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PERCENT FINDING EVENT MORE ANNOYING
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Figure A3

Test Source: Far Gun, 60
Condition: Windows Closed
Control Source: Vehicles
Data Included: Sets 1-5
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PERCENT FINDING EVENT MORE ANNOYING
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Figure A4

Test Source: Leopard Il
Condition: Windows Closed
Control Source: Vehicles
Data Included: Sets 1-5
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PERCENT FINDING EVENT MORE ANNOYING
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Figure A5

Test Source: Marder
Condition: Windows Closed
Control Source: Vehicles
Data Included: Sets 1-5
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PERCENT FINDING EVENT MORE ANNOYING
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Figure A6

Test Source: Near Gun, 60
Condition: Windows Closed
Control Source: White Noise
Data Included: Sets 1-5
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PERCENT FINDING EVENT MORE ANNOYING
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Figure A7

Test Source: Leopard Il
Condition: Windows Closed
Control Source: White Noise
Data Included: Sets 1-5
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PERCENT FINDING EVENT MORE ANNOYING
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CONTROL ASEL

Figure A8

Test Source: Vehicle 2
Condition: Windows Closed
Control Source: Vehicles
Data Included: Sets 1-5
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PERCENT FINDING EVENT MORE ANNOYING
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Figure A9

Test Source: Near Gun, 60
Condition: Windows Open
Control Source: Vehicles
Data Included: Sets 6-10
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PERCENT FINDING EVENT MORE ANNOYING
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Figure A10

Test Source: Near Gun, 6
Condition: Windows Open
Control Source: Vehicles
Data Included: Sets 6-10
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PERCENT FINDING EVENT MORE ANNOYING
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Figure A11

Test Source: Far Gun, 60
Condition: Windows Open
Control Source: Vehicles
Data Included: Sets 6-10
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PERCENT FINDING EVENT MORE ANNOYING
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Figure A12

Test Source: Leopard |l
Condition: Windows Open
Control Source: Vehicles
Data Included: Sets 6-10




£'s6.9
0'86.9
4'S6.9
6'¢6.9
cciy
2’9109
6'c88S
8'28Ss
g'esis
S 1081
01004
S'00S
00
gely wn)

0000
0000

0000

0000

9o¥'e

£L0' 16—
ezeb|
6082

0L -
2010~
€010
€010~
€010
RNPIseY % A

1220
LS00
6810
49S°0-
98¢e°t
Sie'vi—
¥09°' L1
igee
2
colo-
€010
€010
€040

jenpised A

scl
1 4]
Ly
6l
68
8’69
o'v9
ser
9t
6'99

co-
to-
co
90
9’9t
629
v'eo
08
S'06
ool
100}
100t
oot

pepipald A

swryuod @
10

u3ms a

a

SHWMUoD 9
19

3PS O

0

o'l
[dsyesogopsiBo] (p . (9/x)+ 1)/q+e=A

00
00
00
00
o'o¥
o'sy
o'i8
0'es
o'es
0'001
0001
0°0014
0001
AN30H3ad

STOULNOD FIDIHIA—-AIVH ANOD3S ‘Il aHYdOT

9’601
L8
9'0c
6'v
4001
8's
04—
co-
St
90—
006
vo8i
9
ol

c99
o'set
o'0ct
osii
0oLt
04
0'e9
0’19
0'Ls
0es
0'si
001t
0's
00
73SV TOHLNOD

sYwyuod 8
]

u3pis 8

g

sYwrjuo) v
1y
u3ms v
v
eduepyuod
%s-4
43IPS U4
a
2iipy
uogenb3
A0S®X

14 3

cl

14

o]

;.—Nov-moh-oc»

*
&

g




PERCENT FINDING EVENT MORE ANNOYING
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CONTROL ASEL

Figure A13

Test Source: Marder
Condition: Windows Open
Control Source: Vehicles
Data Included: Sets 6-10

k.




L't98S
1'998S
S°198S
1°698S
L'LlvlS
1’0895
8'viyS
£°660S
o’Lyod
S'68b1
0't66
S'96¢v
00
galy wny

0000
0000

0000

0000
68c'8L—
€59'S2
2L\~
8Lv'e-

9" 1—

1020

0020

669°0

669'0
fenpisey % A

Sov'0
SOo¥'0
sov'0
$O¥'0
(4" X4 5
96St1
660°L—
£68°c—
61S°1—-
1040
0040
6690
6690

[enpised A

Le-
9'S—
cs—
80

Vy—
409
6'LS
clLL
8’0

€'6S

vo-
vo-
yo-
¥0-
582
v'ee
1'e9
68
S'v6
€66
€'66
€'66
€'66
peopald A

SHWMUoD q
1a

43IMs @

a

sjwryuod o
10

43pIs O

o

ol
[prowB|g] ((p/(0—x)-)dxe+ 1)/q+e=A

00
00
00
0’0
0’9l
0'es
0'c9
0¢cs
0’c6
0001
0’001
0°001!
0’001
1N30H3d

STOHLNOD FT1DIHIA-ITVH ANOD3S ‘HIAHVN

.01
L8
l2e
vy
1’66
14}
20—
L'o-
e
vo-
0’06
G861l
€9
o'l

c'6s
o'sct
ooct
0Sti
oot
0'e9
0’19
0'LS

- 0'CS
oLy
0'si
o0l
0s
00

13SV T0HLINOD

sfiwrjuoD g
18

uIapis 9

g

sjwrjuo) v
l\Y
u3ms v
v
eouepuuo)
P-4
U3PIS U4
el
2ipy
uopenb3
AOS®OX

et

cl

(9

(4] §

;v-NQQIDONQO

*
&

g




PERCENT FINDING EVENT MORE ANNOYING
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Figure A14

Test Source: Near Gun, 60
Condition: Windows Open
Control Source: White Noise
Data Included: Sets 6-10
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PERCENT FINDING EVENT MORE ANNOYING
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Figure A15

Test Source: Leopard Il
Condition: Windows Open
Control Source: White Noise
Data Included: Sets 6-10
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PERCENT FINDING EVENT MORE ANNOYING
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Figure A16

Test Source: Vehicle 2
Condition: Windows Open
Control Source: Vehicles
Data Included: Sets 6-10
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PERCENT FINDING EVENT MORE ANNOYING
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Figure A17

Test Source: Near Gun, 60
Condition: Outdoors
Control Source: Vehicles
Data Included: Sets 7-10
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PERCENT FINDING EVENT MORE ANNOYING
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CONTROL ASEL

Figure A18

Test Source: Near Gun, 6
Condition: Outdoors
Control Source: Vehicles
Data Included: Sets 7-10
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PERCENT FINDING EVENT MORE ANNOYING
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CONTROL ASEL

Figure A19

Test Source: Far Gun, 60
Condition: Outdoors
Control Source: Vehicles
Data Included: Sets 7-10
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PERCENT FINDING EVENT MORE ANNOYING
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Figure A20

Test Source: Leopard Il
Condition: Outdoors
Control Source: Vehicles

Data Included: Sets 7-10
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PERCENT FINDING EVENT MORE ANNOYING
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CONTROL ASEL

Figure A21

Test Source: Marder
Condition: Outdoors

Control Source: Vehicles
Data Included: Sets 7-10
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PERCENT FINDING EVENT MORE ANNOYING
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CONTROL ASEL

Figure A22

Test Source: Near Gun, 60
Condition: Outdoors
Control Source: White Noise
Data Included: Sets 7-10
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PERCENT FINDING EVENT MORE ANNOYING
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Figure A23

Test Source: Leopard I

Condition: Outdoors
Control Source: White Noise

Data Included: Sets 7-10
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PERCENT FINDING EVENT MORE ANNOYING
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CONTROL ASEL

Figure A24

Test Source: Vehicle 2
Condition: Outdoors
Control Source: Vehicles

Data Included: Sets 7-10
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Appendix B: Indoor and Outdoor Measured
Acoustical Data for Small Arms and Tracked
and Wheeled Vehicles, and Outdoor

_Acoustical Data for Blast Sounds




Munster, Germany
Noise Data Test #01.1
July 1991

4921 Outdoor Microphones

|

Run | MIC 10 | MIC 9 | MIC 11 | MIC 10 MIC 8

No. Event |CSEL CPK FSEL FPK |ASEL APK |ASEL APK | ASEL APK | CSEL CPK
BT 101 98 103 100 79 79 8 6 8 8 89 90
FGF 78 8 96 8 6 68 67 8 68 8 77 716
HB 97 114 104 121 70 94 63 9 68 8 91 108
LB 89 108 97 112 6 8 S5 79 61 86 84 98
NGF 81 94 96 94 75 94 78 9 79 e 77 75
NGS 76 91 94 93 6 9 6 9 70 9 73 74
ST % 9 99 9 72 777 73 T 78 84 8 84
Vi 100 104 102 105 93 9 9 100 96 101 84 83
V2 97 103 100 104 8 101 8 97 90 9 83 8
V3 89 93 97 9 8 89 79 88 84 89 79 78
Va4 95 99 100 102 78 8 75 8 80 87 84 88
V5 84 8 97 @ 72 8 6 79 73 8 718 719
V6 84 8 97 o9 6 77 63 7T 6 80 79 718

Run [MIC 1 [MIC2 |MIC3 [MIC4 [MICS [MIC6 [MIC7 [MICS |

No. Event [ASEL | ASEL | ASEL | ASEL | ASEL | ASEL | ASEL | ASEL |ODDS EVENS

BT 60 64 65 67 65 63 63 63 683 64
FGF 46 61 49 59 43 60 47 60 46 60
HB 0 0 0 0 0 c 0 0 0 o
LB 0 o] 0 0 0 0 0 0 0 0
‘NGF 50 60 51 60 47 59 48 59 49 60
NGS 43 58 44 85 41 56 43 57 43 57
ST 53 62 59 61 58 61 56 61 56 61
Vi 64 65 65 65 63 64 63 64 64 65
v2 59 63 61 63 61 62 58 61 60 62
v3 53 61 54 60 53 60 52 60 53 60
V4 54 61 57 60 55 61 54 61 55 61
V5 47 60 51 59 47 60 48 60 48 60
V6 46 60 50 59 45 60 48 59 47 60

0 INDICATES MEANINGLESS DATA




Munster, Germany
Noise Data Test #01.2
July 1991

| 4921 Outdoor Microphones
Run | MIC 10 | MIC9 | MIC 11 | MIC 10 |MIC8
|

No. Event |CSELCPK FSEL FPK |ASEL APK |ASEL APK |ASEL APK |FSEL FPK
BT 100 98 102 100 79 78 8 8 8 84 89 89
FGF 78 84 96 8 66 8 66 8 68 83 80 83
HB 97 113 104 120 70 95 62 92 65 87 94 107
LB 89 108 96 112 65 89 56 76 60 78 8 99
NGF 82 98 96 o 76 97 78 97 8 97 79 77
NGS 75 91 92 91 6 91 6 91 70 90 73 75
ST 95 92 99 94 71 75 74 79 76 8 83 83
Vi 100 105 102 105 92 99 92 100 95 101 82 81
V2 97 103 100 104 87 99 8 9 89 98 84 88
v3 89 93 96 9 8 90 79 87 84 89 79 78
Va4 95 99 99 102 78 8 76 8 8 87 8 86
V3 84 8 96 9 72 81 6 78 73 8 80 81
Ve 84 85 96 91 65 72 63 75 66 76 78 78

Run [MIC1 |MIC2 |MIC3 |MIC4 |MICS |MIC6 |MIC7 |MIC8

No. Event |ASEL|ASEL|ASEL|ASEL|ASEL|ASEL |ASEL|ASEL ODDS EVENS

- ——————— . —— ——— —— — —————— — — ———— A ————— o — i " ——— —— —

BT 60 62 64 65 65 62 63 58 63 62
FGF 46 40 50 48 46 43 47 42 47 A&
HB 0 0 0 0 0 0 0 0 0

LB 0 0 0 0 0 0 0 0 0 0
NGF 50 50 53 51 49 49 49 47 50 49
NGS 43 40 4 41 40 40 43 3B 43 40
ST 63 53 58 5 57 585 57 52 5 54
Vi 64 63 64 64 63 62 63 62 63 63
\'/4 59 69 61 61 6 59 58 657 60 59
V3 54 54 54 654 53 51 52 51 8 82
V4 54 S3 57 57 656 54 55 683 55 54
V5 47 46 49 48 47 45 48 46 48 46
vé 47 43 50 47 48 46 47 43 48 45

0 INDICATES MEANINGLESS DATA




Munster, Germany

Noise Data Tost #02.1
July 1991
| 4921 Outdoor Microphones
Run |  MIC10 [MICO  |MIC11 |[MIC10 |MIC8
No. Event |CSELCPK FSEL FPK |ASEL APK |ASEL APK |ASEL APK |FSEL FPK
BT 100 98 103 100 79 80 80 78 8 @82 88 89
FGF 79 85 99 90 67 8 70 88 70 85 81 82
HB g7 116 104 121 70 64 61 77 69 9 82 106
LB 92 112 98 115 68 90 658 75 65 ©66 86 99
NGF 81 92 99 94 77 97 74 8 78 92 78 77
NGS 77 90 95 92 68 98 ©6 86 69 89 74 76
ST 96 95 101 97 75 76 75 78 78 80 84 83
vi 102 105 104 106 95 102 94 101 97 103 87 87
v2 94 99 100 100 87 94 84 94 89 96 80 81
V3 94 98 101 102 79 87 76 86 81 87 86 89
v4 94 93 100 96 77 84 74 81 79 83 79 80
V5 85 9 99 93 73 80 70 78 74 8 78 80
- V6 83 8 99 9 62 74 62 79 63 79 79 79
Run [MIC1 |MIC2 [MIC3 |MIC4 |MIC5 |MICE |MIC7 {MIC8

No. Event |ASEL|ASEL|ASEL|ASEL|ASEL|ASEL|ASEL|ASEL ODDS EVENS

——  — ——————— —— — — > . W — . — ——— . — T — . — —— - ————— —————— ——— — —.

BT 60 60 66 65 63 61 60 58 62 61
FGF 46 44 47 43 44 43 46 42 46 43
HB 0 0 0 0 0 0 0 0 0 0
LB 0 0 0 0 0 0 0 0 0 0
NGF 48 47 S0 49 48 48 49 46 49 48
NGS 42 40 45 42 4 4 4 A1 44 42
ST 56 657 62 59 60 58 59 &8 589 &7
Vi 66 65 67 66 65 64 66 64 66 65
V2 568 658 59 58 &7 57 657 54 58 57
V3 53 652 68 5 55 54 65 53 56 H4
V4 50 5 S5t 5 651 51 51 48 51 S0
A\ 48 47 49 48 47 46 48 44 48 46
vé 45 41 47 43 43 42 46 41 45 42

0 INDICATES MEANINGLESS DATA




Munster, Germany

Noise Data Test #02.2
July 1991
| 4921 Qutdoor Microphones
Run | MIC 10 | MIC9 | MIC 11 | MIC 10 | MIC8
No. Event |CSELCPK FSEL FPK [ASEL APK |ASEL APK |ASEL APK |FSEL FPK
BT 100 98 103 100 79 80 80 79 8 82 88
FGF 79 84 98 89 66 78 67 83 68 80 78
HB 94 112 101 118 65 91 56 77 63 85 91
LB 91 111 98 114 63 84 55 78 61 82 85
NGF a1 91 98 92 76 96 74 86 7 o1 77
NGS 7% 9 94 92 67 94 65 84 68 88 74
ST 96 94 101 9% 74 75 75 7177 78 79 83
Vi 102 105 104 106 95 103 94 102 98 104 87
V2 94 99 100 100 86 94 84 94 89 97 B
V3 94 97 100 102 79 87 77 86 81 87 84
V4 96 95 101 97 76 83 74 82 78 82 80
V5 84 88 98 92 72 81 €69 79 73 80 78
V6 84 8 98 93 62 72 60 76 63 78 80
Run [MIC1 |[MIC2 |MIC3 | MIC4 |MIC5 | MIC6 |MICT7 {MIC8
No. Event |ASEL|ASEL|ASEL|ASEL|ASEL|ASEL|ASEL|ASEL ODDS EVENS
BT 59 60 66 65 63 62 61 58 62 61
FGF 45 42 47 42 43 46 41 45 43
HB 0 0 0 0 0 0 0 0 0 0
LB 0 0 0 0 0 0 0 0 0 0
NGF 48 47 50 48 48 50 48 45 49 47
NGS 42 40 44 40 A 41 43 40 43 40
ST 56 57 62 59 60 58 59 563 59 &7
A 66 66 67 66 65 64 65 64 66 65
V2 58 58 60 58 57 57 57 55 58 57
V3 53 53 58 55 55 54 55 53 655 54
va 53 52 57 54 55 55 55 49 55 53
V5 47 47 49 48 50 53 48 44 49 48
V6 46 43 48 43 45 45 47 42 47 43

0 INDICATES MEANINGLESS DATA




Munster, Germany
Noise Data Test #03.1
July 1991

4921 Outdoor Microphones

|

Run | MmIC10 [MICO  |MIC11  |MIC10 |MIC8

No. Event |CSELCPK FSEL FPK |ASELAPK |ASEL APK |ASEL APK |FSEL FPK
BT 101 99 103 100 79 78 8 83 8 8 89 85
FGF 80 9 99 9 70 8 70 8 75 93 86 78
HB 97 118 102 121 73 98 66 88 74 100 88 102
LB 89 108 96 112 67 9 60 78 68 92 83 94
NGF 84 9 99 98 78 96 80 9 8 98 86 78
NGS 78 98 94 97 70 95 72 94 74 97 8 78
ST 95 92 101 95 72 75 74 79 76 84 8 81
Vi 102 105 104 106 95 102 94 103 98 102 88 86
V2 94 100 101 102 8 94 84 94 90 97 88 82
V3 94 97 101 101 78 8 76 8 8 89 87 84
Va4 95 93 100 9 75 8 72 8 77 8 8 81
V5 84 8 9 93 72 8 68 79 73 8 8 78
V6 82 8 98 90 61 74 58 78 62 83 8 78

Run |MIC1 [MIC2 | MIC3 |MIC4 |MICS |MICS |MIC7 |MIC8

No. Event |ASEL|ASEL|ASEL|ASEL|ASEL|ASEL |ASEL|ASEL ODDS EVENS

BT 60 62 61 65 64 61 64 60 62 62
FGF 47 44 48 46 44 45 47 44 47 4S5
HB 63 52 54 51 55 52 49 83 53 52
LB 46 44 46 43 47 44 42 43 45 44
NGF 52 51 52 52 50 50 50 48 5 50
NGS 46 45 45 4 43 43 43 41 4 43
ST 53 54 59 55 58 656 57 53 57 55
vi 65 65 67 65 65 64 65 64 65 65
V2 57 &57 58 58 57 57 57 585 57 57
V3 53 52 656 55 54 54 655 53 55 53
V4 51 50 55 53 54 654 53 48 53 51
V5 47 46 48 48 46 45 47 44 47 46
AL 4 40 45 4 42 41 45 40 4 A

0 INDICATES MEANINGLESS DATA




Munster, Germany
Noise Data Test #03.2
July 1991

| 4921 Outdoor Microphones
Run I MIC 10 |MIC9 [MIC11  |MIC10 |MIC2
|

No. Event |CSELCPK FSEL FPK |ASEL APK |ASEL APK |ASEL APK |FSEL FPK
BT 101 99 103 100 79 78 81 8 83 84 89 88
FGF 81 91 99 94 69 8 70 8 74 93 86 78
HB 84 113 101 117 68 91 61 78 68 89 87 100
LB 89 108 96 112 65 87 58 77 66 8 8 93
NGF 84 97 99 9 78 97 8 94 8 96 8 80
NGS 78 9 94 94 70 93 72 94 74 94 81 78
ST 95 92 100 9 71 74 75 79 77 79 8 81
Vi 102 105 104 106 95 102 94 102 97 102 8 85
V2 94 99 100 100 8 94 83 94 8 97 87 82
v3 94 98 101 101 78 8 76 84 8 87 8 86
V4 9% 94 101 97 76 8 73 8 78 84 87 81
V5 84 88 99 93 72 8 69 8 73 8 8 78
V6 84 85 99 91 64 74 60 77 65 81 86 80

Run |MIC1 |MIC2 |MIC3 |MIC4 |MIC5 |MIC8 |MIC7 |MICS8

No. Event |ASEL|ASEL|ASEL|ASEL|ASEL]ASEL |ASEL|ASEL ODDS EVENS
BT 60 62 62 64 64 61 64 60 62 62
FGF 46 43 49 47 45 45 47 43 47 45
HB o 0 o0 o 0 O0 ©o0 O0 o6 O
LB o o 0o O o0 o0 o0 0 O0 O
NGF 52 51 52 5 5 51 50 49 51 51
NGS 45 43 45 43 43 44 44 42 44 43
ST 53 54 60 56 58 56 57 53 57 55
Vi 65 65 67 65 64 64 65 64 65 65
v2 57 57 58 57 5 56 56 5 57 56
V3 53 52 55 54 55 54 54 53 54 53
Va4 51 51 54 53 51 52 53 49 53 51
V5 47 46 49 48 49 47 47 45 48 47
V6 46 42 48 46 44 43 46 42 46 43

0 INDICATES MEANINGLESS DATA




Munster, Germany
Noise Data Test #04.1
July 1991

| 4921 Outdoor Microphones
Run | MIC 10 | MIC9 IMIC11  |[MIC10 |MIC2
|

No. Event |CSELCPK FSEL FPK |ASEL APK |ASEL APK |ASEL APK |FSEL FPK
BT 101 9 103 100 78 79 79 79 8 8 8 86
FGF 78 8 9 91 70 8 70 8 74 90 8 77
HB 100 118 107 124 75 100 69 93 73 93 95 109
LB 93 113 99 116 71 94 63 89 66 87 89 102
NGF 83 9 97 9 77 95 79 93 8 95 86 76
NGS 77 91 92 92 66 92 68 9 70 91 81 76
ST 9% 94 100 95 74 74 74 75 78 79 87 82
Vi 102 106 104 107 95 102 94 102 97 102 88 85
V2 94 99 99 100 8 93 84 94 89 96 87 8
V3 95 93 100 102 78 8 76 8 80 8 87 85
Va 9% 94 100 96 76 8 73 8 77 8 86 8t
V5 85 8 97 92 72 8 69 78 73 8 8 78
V6 83 83 9 89 62 69 61 70 64 73 85 77

Run [MIC1 |MIC2 [MIC3 |MIC4 |MICS |MICS |MIC7 |MIC8

No. Event |ASEL|ASEL|ASEL|ASEL|ASEL|ASEL|ASEL|ASEL ODDS EVENS

—— . — T — D —— S M W — . S ——— — — —— D S —— — T S — — T — A — T G —— - —— — T — -

BT 59 61 60 69 62 60 61 58 60 59
FGF 46 44 48 46 45 45 48 46 47 45
HB 0 0 0 0 0 0 0 0 0 0
LB 0 0 0 0 0 0 0 0 0 0
NGF 51 49 51 50 49 49 S50 48 S50 49
NGS 43 40 42 40 41 42 43 42 42 41
ST 56 57 56 68 60 57 658 53 58 56
Vi 66 65 67 ©66 64 64 66 63 66 65
\'7 57 57 57 57 56 57 56 54 57 56
V3 83 52 55 55 5 55 55 52 54 83
V4 63 52 54 54 53 653 54 48 83 52
Vs 48 47 48 48 48 46 S50 47 48 47
vé 4 4 45 41 43 44 46 42 45 42

0 INDICATES MEANINGLESS DATA




Munster, Germany
Noise Data
July 1991

Test #04.2

4921 Outdoor Microphones

|
Run | MIC10 IMIC9  |MIC11  |[MIC10 | MIC8
No. Event |CSELCPK FSEL FPK |ASEL APK |ASEL APK |ASEL APK |FSEL FPK
BT 100 98 103 100 79 80 8 79 8 82 89 88
FGF 79 92 97 9 70 88 71 84 74 92 8 77
HB 101 119 108 124 78 102 70 93 73 94 96 110
LB 94 114 99 117 72 97 65 84 68 89 89 102
NGF 83 97 97 9 79 96 81 9 8 96 86 77
NGS 76 9% 92 91 68 9 71 8 72 91 8 76
ST 95 93 99 95 73 74 74 75 17 19 87 82
V1 02 106 104 7% 95 101 94 101 97 102 88 86
V2 94 99 99 100 8 93 8 94 89 96 87 8
v3 95 99 100 103 78 8 76 8 8 87 88 88
V4 9% 94 100 9 75 8 73 79 77 8 87 81
V5 84 88 97 9 72 8 69 78 73 8 8 79
Ve 82 82 9 8 62 65 60 68 63 72 8 77
Run |MIC1 [MIC2 |MIC3 |MIC4 | MIC5 |[MIC6 [MIC7 |MIC8
No. Event |ASEL|ASEL|ASEL|ASEL|ASEL{ASEL|ASEL|ASEL ODDS EVENS
BT 60 62 60 64 63 61 63 59 61 6
FGF 48 44 48 46 45 45 48 45 47 45
HB o 0 0 o0 0 O o0 0 0 O
LB 0o o 0 o o0 0 ©o0 o0 0 O
NGF 53 61 52 5 51 5 50 49 51 50
NGS 45 42 44 42 43 43 43 40 44 42
ST 55 56 57 58 59 56 58 53 57 56
V1 66 65 66 65 64 64 65 63 65 64
V2 57 57 57 57 56 57 56 54 57 56
V3 54 53 56 55 59 59 5 52 56 55
Va4 58 52 57 5/ 56 58 55 49 56 54
V5 49 48 49 49 48 47 48 45 49 47
V6 45 41 46 43 44 45 46 42 45 43

0 INDICATES MEANINGLESS DATA




Munster, Germany
Noise Data Test #05.1
July 1991

4921 Qutdoor Microphones
Run | MIC 10 | MIC9 | MIC 11 | MIC 10 |MIC2
No. Event |CSELCPK FSEL FPK |ASEL APK |ASEL APK |ASEL APK |FSEL FPK

BT 101 99 102 100 79 78 8 8 8 8 8 8
FGF 79 8 97 88 66 8 69 84 69 8 8 78
HB 98 118 104 122 75 99 69 93 71 92 92 106
LB 93 113 98 116 71 9 65 8 68 9 88 101
NGF 84 99 97 98 79 97 8 95 83 98 8 77
NGS 77 o4 9 93 70 9 72 92 72 93 8 76
ST 9% 93 100 9 72 73 74 7% 77 79 87 81
Vi 102 105 104 106 95 102 94 102 98 103 88 86
V2 94 99 99 100 8 94 84 94 89 97 87 82
V3 95 99 100 104 78 8 76 8 8 88 88 87
Va 9% 95 100 97 76 8 73 79 78 8 8 81
V5 84 8 97 92 72 80 69 78 73 8 8 79
V6 83 8 9 9 61 70 59 73 62 76 8 78
Run [MIC1 [MIC2 |MIC3 |MIC4 |MICS |MIC6 |MIC7 |MIC8

No. Event |ASEL|ASEL|ASEL|ASEL|ASEL|ASEL|ASEL|ASEL ODDS EVENS

o — — ——— A~ —— - —— . ——— i ———— . ——— S — A — T i — T ——— A ——— o e ——— — ———

BT 60 62 59 64 64 61 63 58 62 61
FGF 46 42 41 42 <42 47 42 45 42
HB 0 0 0 0 0 0 0 0 0 0
LB 0 0 0 0 0 0 0 0 0 0
NGF 83 62 52 52 51 50 51 49 52 5
NGS 4 44 43 41 41 41 42 40 43 41
ST 563 54 58 5 58 56 57 53 57 55
Vi 65 65 66 65 64 64 66 63 65 64
V2 57 57 57 57 56 57 56 55 57 56
V3 54 53 5 5 55 55 55 52 55 54
V4 52 51 54 63 55 56 53 48 53 52
V5 48 46 47 47 46 44 47 43 47 45
Ve 45 4 46 41 42 43 45 43 45 42

0 INDICATES MEANINGLESS DATA

B10




Munster, Germany
Noise Data Test #05.2
July 1991

4921 Qutdoor Microphones

|
Run |  MIC10 IMICS  |MIC11  |MIC10 |MIC2
No. Event |CSELCPK FSEL FPK [ASEL APK |ASEL APK |ASEL APK |FSEL FPK
BT 101 100 103 101 8 80 8 84 84 85 89 87
FGF 80 85 98 8 68 8 70 8 70 84 86 77
HB 101 119 108 124 75 100 70 92 73 94 95 108
LB 95 115 100 118 72 97 61 78 67 86 89 103
NGF 85 99 98 98 8 9 8 97 84 98 89 76
NGS 77 9% 93 9% 70 96 72 9 73 95 8 77
ST 9% 93 100 9 73 74 75 78 77 79 88 8
Vi 102 106 104 107 95 102 94 101 98 102 89 86
V2 95 99 100 100 8 94 84 95 89 97 87 8
V3 95 99 101 104 78 87 76 8 81 8 89 87
Va 9% 94 100 97 76 8 73 8 78 8 8 82
V5 g4 88 98 92 72 81 69 79 73 8 8 79
V6 82 8 97 9 62 69 61 71 64 72 8 78
Run [MIC1 [MIC2 |MIC3 |MIC4 |MIC5 |MIC6 |MIC7 |MIC8
No. Event |ASEL|ASEL|ASEL|ASEL|ASEL|ASEL|ASEL|ASEL ODDS EVENS
BT 61 63 61 65 65 61 64 58 62 62
FGF 47 46 46 42 43 43 46 42 46 43
HB o o O 0 O o0 O0 o0 0 O
LB o 0 0 0 o0 o0 0 o0 O0 O
NGF 54 53 54 53 53 52 52 50 53 52
NGS 44 42 44 42 43 43 45 41 44 42
ST 53 55 59 56 58 56 57 52 57 55
V1 65 65 66 65 65 65 66 63 66 65
V2 57 57 58 58 57 57 58 57 57 57
V3 54 53 56 55 55 55 55 52 55 54
Va 52 51 56 54 55 55 55 51 54 53
V3 48 47 49 49 47 47 48 44 48 47
Ve 48 42 46 42 43 44 46 41 45 42

0 INDICATES MEANINGLESS DATA

B11




Munster, Germany
Noise Data Test #06.1
July 1991

| 4921 Outdoor Microphones
Run I MIC 10 | MIC9 IMIC11  |MIC10 | MIC2
|

No. Event |CSELCPK FSEL FPK |ASEL APK |ASEL APK |ASEL APK |FSEL FPK
BT 102 101 103 102 79 8 8 8 8 8 91 90
FGF 78 8 94 8 67 8 70 8 70 8 8 77
HB 88 105 98 113 64 8 58 8 62 80 101 114
LB 81 9 9 105 60 78 56 8 5 81 93 106
NGF 84 99 94 98 79 98 82 97 83 98 8 79
NGS 78 94 94 94 68 9 71 93 72 94 85 77
ST 95 94 98 94 73 76 74 8 77 80 87 85
Vi 101 105 103 106 94 101 94 101 97 102 89 90
V2 94 99 97 99 8 94 83 92 8 96 86 85
V3 94 98 98 1001 78 8 76 85 80 8 90 92
Va 94 95 98 96 76 8 73 8 78 83 86 84
V5 84 88 94 91 72 8 69 8 73 81 85 - 8
V6 82 88 9 91 64 8 63 8 66 8 8 80

Run |MIC1 |MIC2 |MIC3 |MIC4 |MIC5 |MIC6 [MIC7 |[MIC8 -

No. Event |ASEL|ASEL|ASEL|ASEL]ASEL]ASEL|ASEL|ASEL ODDS EVENS
BT 65 67 66 68 68 68 70 63 67 66
FGF 48 46 50 49 49 49 48 46 49 48
HB 0o o o0 0 o0 O 0 O 0 O
LB o o0 0 o0 0 0 0o 0 0 O
NGF 60 59 61 62 60 60 58 56 60 59
NGS 51 49 52 5 50 50 50 48 51 50
ST 61 64 62 66 67 64 66 60 64 63
Vi 73 72 74 74 74 74 72 71 73 73
v2 64 64 65 66 65 65 64 62 65 64
V3 60 59 64 63 62 62 61 58 62 60
Va4 56 57 58 58 57 59 57 54 57 57
V5 52 53 53 55 54 52 52 51 53 53
V6 48 46 49 47 47 47 50 45 48 46

0 INDICATES MEANINGLESS DATA

B12




Munster, Germany
Noise Data Test #06.2
July 1991

| 4921 Outdoor Microphones
Run | MIC 10 |MICO IMIC11  |[MIC10 | MIC2
I

No. Event |[CSELCPK FSEL FPK [ASELAPK |ASEL APK |ASEL APK |FSEL FPK
BT 103 101 104 101 8 8 81 83 8 8 91 90
FGF 79 8 93 89 68 8 70 89 71 8 85 80
HB 90 107 99 114 66 89 59 8 6 79 103 115
LB 81 98 91 104 59 76 55 8 58 80 92 105
NGF 84 98 93 98 80 99 8 97 8 97 8 8
NGS 78 93 93 93 69 93 71 94 72 92 8 79
ST 95 94 98 94 73 75 74 8 77 8 8 8
Vi 101 105 103 106 94 101 83 101 97 102 90 90
v2 94 98 97 99 8 93 8 03 8 96 87 85
v3 95 99 98 102 78 8 77 8 81 8 91 9
V4 95 94 97 9 76 8 73 83 78 82 86 84
V5 84 8 93 9 72 8 6 8 73 8 8 82
V6 84 8 93 89 63 72 62 8 65 77 8 81

Run [MIC1 [MIC2 |MIC3 |MIC4 |MIC5 |MIC6 |MIC7 |MIC8

No. Event |ASEL|ASEL]ASEL|ASEL|ASEL|ASEL|ASEL|ASEL ODDS EVENS
BT 66 68 68 68 68 68 72 65 68 67
FGF 51 49 52 52 50 50 50 48 51 S0
HB o 0 o o0 0 O O o0 o0 O
LB o 0 o 0 0 0 o0 o0 0 0
NGF 61 60 62 62 60 60 59 58 61 60
NGS 53 51 52 5 50 50 51 51 52 51
ST 62 65 62 66 64 63 66 61 64 64
\'Al 73 72 74 74 72 72 72 71 73 72
V2 65 65 66 67 64 64 65 63 65 65
v3 61 60 63 62 62 62 63 59 62 6
V4 57 58 59 59 57 59 58 55 58 58
V5 53 54 53 56 53 52 53 5 53 53
V6 49 48 52 51 49 49 52 48 50 49

0 INDICATES MEANINGLESS DATA

813




Munster, Germany
Noise Data Test #07.1
July 1991

| 4921 Outdoor Microphones
Run | MIC 10 |MIC9 | MIC 11 | MIC 10 | MIC 4
I

No. Event |CSELCPK FSEL FPK |ASEL APK |ASEL APK |ASEL APK |FSEL FPK
BT 101 99 102 100 79 79 8 8 84 8 93 92
FGF 79 88 91 90 69 8 72 92 73 87 8 85
HB 90 107 101 115 66 87 61 8 64 84 108 120
LB 83 100 92 106 61 79 58 78 60 84 98 110
NGF 85 99 91 99 78 9 8 100 8 98 79 81
NGS 78 93 88 93 66 91 71 9 72 93 76 75
ST 94 91 95 92 70 74 73 78 76 82 87 86
V1 100 104 101 105 89 94 92 100 96 100 90 91
V2 94 98 96 99 8 8 83 92 88 94 85 87
v3 94 98 97 100 74 82 76 8 81 88 93 65
V4 95 100 96 104 72 78 72 80 78 84 8 93
Vs 83 87 90 90 68 75 68 8 73 84 81 84
V6 85 8 92 9 67 8 62 78 65 83 8 83

Run |[MIC1 |MIC2 |MIC3 | MIC4 |MIC5 |MIC6 |MIC7 |MIC8

No. Event |ASEL|ASEL|ASEL|ASEL|ASEL|ASEL]ASEL|ASEL ODDS EVENS
BT 68 71 67 74 71 68 71 67 69 70
FGF 50 49 52 52 51 50 51 49 51 50
HB o 0 o o0 o o0 o0 o0 o0 o
LB 0o 0o o0 o0 o o0 o0 o0 o0 o
NGF 61 60 62 63 60 59 59 58 61 60
NGS 49 49 51 51 48 47 49 47 49 49
ST 58 60 61 61 62 61 62 58 61 60
Vi 72 71 72 72 ™M 70 70 70 M
V2 63 64 64 65 64 63 63 62 64 64
v3 61 59 63 62 62 62 63 58 62 60
V4 57 57 61 59 59 60 59 54 59 58
V5 52 52 52 55 52 50 51 50 52 52
V6 48 47 50 50 49 50 50 46 49 48

0 INDICATES MEANINGLESS DATA

B14




Munster, Germany
Noise Data Test #07.2
July 1991

| 4921 Outdoor Microphones
Run |  MIC10 IMICS  [MIC11  |MIC10 |MIC4
I

No. Event |CSELCPK FSEL FPK |ASEL APK |ASEL APK |ASEL APK |FSEL FPK
BT 101 99 102 100 79 8 8 8 84 8 93 92
FGF 79 9 89 9 70 8 74 9 74 9 79 76
HB 92 108 102 117 67 8 62 90 64 84 106 119
LB 86 103 93 109 63 79 58 8 63 8 97 109
NGF 84 99 90 99 78 96 8 98 8 99 80 81
NGS 78 9 89 95 69 93 74 99 73 95 79 78
ST 95 9 96 93 71 70 73 79 77 84 8 8
V1 102 106 103 106 91 97 94 102 97 102 92 94
V2 94 98 95 99 82 89 8 92 8 94 8 87
V3 94 97 97 100 74 8 77 8 8 87 94 98
Va 95 94 9 95 73 8 73 8 78 8 8 86
V5 84 8 90 9 68 8 69 8 73 8 83 84
Ve 84 8 90 8 64 8 62 78 65 8 81 8

Run [MIC1 [MIC2 |MIC3 |MIC4 |MIC5 |MIC6 |MIC7 |MIC8

No. Event |ASEL|ASEL|ASEL|ASEL|ASEL|ASEL|ASEL|ASEL ODDS EVENS
BT 61 63 67 73 72 67 71 67 68 68
FGF 46 43 53 53 52 51 51 50 50 49
HB o 0 0 0 0 O O O ©O0 O
LB o o0 0 0 0 O O0 ©O0o o0 o
NGF 53 52 62 63 50 59 60 59 59 58
NGS 45 43 54 54 50 50 51 50 50 49
ST 54 54 63 63 62 62 63 59 60 59
V1 66 f 73 73 713 72 72 TN T 70
V2 57 . 64 65 64 64 63 62 62 62
V3 5 5, 62 62 62 61 63 58 60 59
Va4 50 51 59 59 58 59 57 54 56 56
V5 47 46 52 5 53 51 52 51 51 5i
V6 43 40 51 49 49 49 51 46 49 46

0 INDICATES MEANINGLESS DATA

B15




[MIC10 |MIC4

[MICO | MIC11
|ASEL APK |ASEL APK |ASEL APK |FSEL FPK

Test #08.1

4921 Outdoor Microphones

MiC 10

|CSELCPK FSEL FPK

Munster, Germany
July 1991
Run
No. Event

BRO5RE333I2838
2388338882839
BEURRRBYILBER
IRYBBIRGBSRRS
283KR582588393
SREGIRNIINRBS
PYSRYINERYSLS
REBEBRENYITRES
588883888
2338383838
8583888538
SRIBILRYBBYIS

101
119

103
104

100

110

8
&
8
&
R

W
2q88r--noswe

BT
FGF

| ASEL | ASEL | ASEL | ASEL | ASEL | ASEL | ASEL | ASEL ODDS EVENS

[MIC1 [MIC2 |MIC3 |MIC4 |MIC5 |MIC6 |MICT |MIC8

Run
No. Event

8T°°RIBZRBABBI?
I2°°HBoRTBBI?
BLO°RIABRYBIG?
E5°°353NBILBAL
BR°°RABRB5B52
Br°°BRIRIYBI?
1@IC°NIBBBBAST
w&wOO&ﬂxmwxaﬁﬁ
BI°°CRIBBRBIBY

BI°°RBBBBBBL ST

rS0aE8
EPE922hs9218e

81¢

0 INDICATES MEANINGLESS DATA




Munster, Germany
Noise Data Test #08.2
July 1991

| 4921 Outdoor Microphones
Run | MIC 10 | MIC9 | MIC 11 | MIC 10 | MIC 2
I

No. Ewsnt |CSELCPK FSEL FPK |ASEL APK |ASEL APK |ASEL APK |FSEL FPK
BT 103 100 104 101 77 80 81 82 84 84 91 90
FGF 81 8 89 8 70 8 74 91 74 8 84 78
HB 95 111 103 119 68 93 62 93 62 84 105 117
LB 8 106 95 112 61 8 56 83 60 79 96 109
NGF 85 98 90 98 79 9 8 99 8 98 84 79
NGS 79 9 89 9 69 94 74 97 74 95 84 78
ST 95 94 96 94 71 72 73 8 T? 80 8 84
2 102 106 103 106 91 97 94 102 97 102 89 90
V2 94 98 95 99 8 90 8 91 8 9 8 85
V3 94 97 97 100 74 8 76 8 81 8 93 96
Va 95 95 96 96 73 79 73 8 79 8 87 87
3 85 688 90 9 67 75 68 8 73 8 8 83
Ve 84 8 90 9 61 67 62 8 65 8 8 8

Run |MIC1 |MIC2 [ MIC3 |MIC4 |MICS |MIC6 |MIC7 |MIC8

No. Event |ASEL|ASEL|ASEL|ASEL|ASEL|ASEL|ASELJASEL ODDSEVENS
BT 64 65 69 69 69 69 7: 66 69 67
FGF 52 51 54 54 52 5 5 50 52 52
HB o 0 o 0O o0 ©o0 ©O0O ©O0 o0 o
LB 0 0 0. 0 O O O ©O0o o0 o
NGF 61 61 64 63 61 60 59 59 61 61
NGS 53 52 54 54 52 5 S5 50 52 52
ST 61 63 62 62 64 62 64 60 63 62
Vi 72 M 74 74 73 72 72 T2 73 T2
V2 63 64 66 65 64 64 64 62 64 64
v3 60 60 63 64 62 62 62 58 62 61
V4 57 58 61 61 58 60 58 54 58 58
Vs 53 53 53 64 53 52 52 61 53 62
V6 49 46 51 51 49 49 49 45 50 48

0 INDICATES MEANINGLESS DATA

B17




Munster, Germany
Noise Data Test #09.1
July 1991

| 4921 Outdoor Microphones
Run | MIC 10 | MIC9 | MIC 11 | MIC 10 | MIC2
|

No. Event |CSELCPK FSEL FPK |ASELAPK |ASEL APK |ASEL APK |FSEL FPK
BT 101 99 102 100 79 78 8 8 84 8 92 90
FGF 78 88 8 8 68 8 73 91 73 8 8 77
HB 96 113 104 120 69 95 62 93 64 87 108 119
LB 9 107 96 113 63 8 56 72 60 82 98 111
NGF 85 9 90 99 79 9 8 98 84 98 8 78
NGS 79 9 8 9 69 9 74 98 75 96 8 77
ST 95 93 9 93 71 71 73 76 77 8 87 83
Vi 101 107 102 107 91 95 94 101 97 102 89 90
V2 93 98 95 98 81 8 8 91 8 95 8 86
V3 94 97 9 99 74 8 76 8 80 8 89 90
V4 94 94 9 9 71 76 73 80 78 84 8 83
V5 84 8 9 9 68 76 69 78 74 83 85 8

V6 83 8 90 9 60 74 60 73 63 8 86 81

Run [MIC1 [MIC2 |MIC3 |MIC4 |MIC5 | MIC6 |MIC7 |MIC8

No. Event |ASEL|ASEL[ASEL]|ASEL|ASEL|ASEL|ASEL|ASEL ODDS EVENS

——— — ———— ———— —— T _—————— ——————— — —— —— ——— ——————————————————

BT 67 7 67 74 72 68 71 68 69 70
FGF 50 48 51 51 S50 50 50 48 50 49
HB 0 0 0 0 0 0 0 0 0 0
LB 0 0 0 0 0 0 0 0 0 0
NGF 60 60 62 63 61 60 60 59 61 61
NGS 52 52 54 54 52 5 685 51 85 82
ST 59 61 62 62 64 62 63 5 62 61
Vi n 7 73 7 7 72 1 17”2 72 72
\'4 63 63 64 65 64 64 64 63 64 64
v3 60 59 62 61 62 62 62 59 61 60
v4 56 57 59 &6 S5 8 & 8 57 57
\C] 52 53 52 5654 53 62 65 5 52 82
V6 48 46 49 48 48 48 48 43 48 46

0 INDICATES MEANINGLESS DATA

B18




Munster, Germany
Noise Data Test #09.2
July 1991

| 4921 Outdoor Microphones
Run | MIC 10 | MICS | MIC 11 | MIC 10 | MIC 2
|

No. Event |CSELCPK FSEL FPK |ASELAPK |ASEL APK |ASEL APK |FSEL FPK
BT 101 99 102 9 79 79 8 82 84 8 92 90
FGF 81 89 89 8 69 8 74 93 74 8 8 78
HB 9 113 105 121 70 95 64 93 65 87 107 119
LB 89 107 96 113 62 8 56 75 61 8 97 109
NGF 85 98 89 9 79 95 83 98 B84 98 85 78
NGS 79 96 8 9 69 93 75 98 75 97 8 78
ST 95 92 96 93 70 72 73 76 716 8 87 83
V1 101 106 102 106 90 95 94 101 97 102 89 90
V2 93 98 95 98 8 87 8 9 8 94 8 85
V3 94 98 97 100 74 8 76 8 8 8 90 9
Va4 95 94 96 94 71 78 73 80 78 82 87 84
V5 83 8 88 8 67 75 69 78 73 8 85 8
V6 83 87 89 8 61 70 62 74 65 8 85 8

Run [MIC1 [MIC2 |MIC3 |MIC4 |MICS |MIC6 |MIC7 |MICS

No. Event |ASEL|ASEL|ASEL|ASEL|ASEL|ASEL|ASEL|ASEL ODDS EVENS
BT 68 71 67 73 72 69 et 57 67 67
FGF 50 49 51 51 51 50 44 43 49 48
HB o o o O 0 0 o0 0 o0 O
LB ©o 0 o0 o0 0 ©0 o0 0 0 o
NGF 60 60 63 63 61 60 52 50 59 58
NGS 52 51 54 54 52 51 42 40 50 49
ST 59 61 62 62 64 62 55 51 60 59
V1 71 M 73 73 73 73 6 61 70 69
V2 63 63 64 65 64 64 5 51 61 6
V3 60 59 62 61 62 61 51 49 59 58
Va4 56 57 59 58 58 59 50 45 56 55
V5 52 53 52 55 53 50 46 44 51 50
V6 48 47 49 46 47 47 44 41 47 45

0 INDICATES MEANINGLESS DATA

B19




Munster, Germany
Noise Data Test #10.1
July 1991

| 4921 Outdoor Microphones
Run | MIC 10 | MIC9 | MIC 11 | MIC 10 | MIC 4
|

No. Event |CSELCPK FSEL FPK |ASEL APK |ASEL APK |ASEL APK |FSEL FPK
BT 102 9 108 100 76 77 8 79 8 8 91 89
FGF 78 8 93 8 67 78 71 8 713 8 87 8
HB 103 120 110 127 77 103 73 9 76 96 109 122
LB 98 117 103 120 73 98 70 94 72 92 100 116
NGF 85 95 94 95 78 92 8 9 84 9 8 82
NGS 81 94 94 94 69 8 74 93 75 95 87 80
ST 95 94 97 9 71 8 73 73 77 7177 88 86
Vi 101 105 103 106 90 97 94 101 97 102 90 89
V2 94 99 97 99 81 8 83 92 8 95 88 85
v3 94 97 98 9 73 8 76 8 8 87 9 90
va 94 9 97 9 71 78 73 80 78 8 88 88
V5 84 8 94 91 67 75 69 78 74 80 87 82
V6 83 8 94 8 60 65 5 70 63 71 8 84

Run |MIC1 |MIC2 |MIC3 |MIC4 | MIC5 | MICS |MIC7 |MICS

No. Event |ASEL|ASEL|ASEL|ASEL|ASEL |ASEL|ASEL|ASEL ODDSEVENS

—————— ——— —— —— ———— — i ————— T T T - ———— ———— —— — ——— —————— -

BT 65 66 68 68 69 68 65 71 67 68
FGF §7 48 64 63 49 49 50 OS50 55 83
HB 0 0 0 0 0 0 0 0 0 0
LB 0 0 0 0 0 0 0 0 0 0
NGF 59 59 63 65 60 59 59 59 60 61
NGS 54 51 69 76 51 51 51 52 5 57
ST 60 63 60 76 65 62 60 65 61 66
vi 1 71 6 63 73 73 71 172 70 70
v2 63 63 64 65 65 65 63 64 64 64
V3 60 59 69 69 62 62 658 61 62 63
V4 56 656 63 62 57 59 54 §&57 &5 59
V5 51 652 61 62 53 5 51 52 54 54
vé 48 46 49 0O 47 48 46 51 47 36

0 INDICATES MEANINGLESS DATA




Munster, Germany
Noise Data Test #10.2
July 1991

4921 Qutdoor Microphones

|
Run | MIC10 IMICO  |MIC11  |[MIC10 | MIC8
No. Event |CSELCPK FSEL FPK |ASEL APK |ASEL APK |ASEL APK |FSEL FPK
BT 102 99 102 100 76 8 8 80 8 84 92 9
FGF 80 8 9 8 6 76 70 8 71 8 8 8
HB 103 121 109 126 78 107 75 94 77 105 109 122
LB 95 115 100 118 71 96 67 84 70 90 99 114
NGF 85 99 91 9 78 9 8 97 84 100 88 87
NGS 81 98 90 98 70 9 74 97 76 98 88 95
ST 94 93 96 94 70 74 73 73 76 84 89 87
Vi 101 106 102 106 90 96 94 102 97 102 91 91
v2 94 98 95 99 8 8 8 91 89 95 88 9
v3 94 97 97 100 74 8 77 8 8 87 91 97
Vva 94 94 96 9 71 77 73 8 78 84 89 89
V5 8 89 90 9 67 8 68 78 73 81 88 88
V6 85 8 91 8 62 78 61 71 65 8 88 89
Run [MIC1 [MIC2 [MIC3 |MIC4 |MIC5 |MIC6 |MIC7 |MICS
No. Event |ASEL|ASEL |ASEL|ASEL|ASEL|ASEL|ASEL]ASEL ODDS EVENS
BT 65 66 65 69 0 O 64 70 48 S
FGF 49 47 63 63 0 0 48 50 40 40
HB o o 0O O O 0 ©0O O o0 O
LB o o 0 0 0 o0 o0 O0 0 O
NGF 60 60 76 75 0 O 59 60 49 49
NGS 52 52 5 54 0 0 52 56 40 40
ST 60 62 59 60 O O 59 64 45 47
V1 71 70 6 6 0 o0 71 72 53 53
v2 63 64 65 67 0 0 63 65 48 49
V3 60 59 61 60 0 O 59 63 45 45
Va 56 57 68 67 0 0 54 58 45 45
V5 51 52 60 60 0 O0 51 61 40 43
V6 50 47 56 55 0 0 46 54 38 39

0 INDICATES MEANINGLESS DATA




Appe

ndix C: Indoor Measured Acoustical Data
for Blast Sounds




MUNSTER INDOOR BLAST DATA TEST# ot.1
ROOM A ROOM B
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
8 HIGH 892 1008 769 887 &9 60.3 90.8 1025 789 947 449 587
14 HIGH 9255 1041 841 973 857 74.3 931 1075 853 1011 525 709
16 MIGH 93.0 1041 843 979 558 78.4 926 1075 8S8S 1013 s23 679
19 HIGH 918 1045 840 909 552 76.8 925 1072 850 101.3 S1.86 674
23 HIGH 921 1039 833 964 549 76.6 925 1061 842 984 495 642
32 HIGH 9.5 1044 844 986 557 73 929 1074 852 1011 8520 680
35 HIGH 91.8 1030 823 946 540 76.4 923 1054 828 973 493 643
40 HIGH 916 1023 813 953 S38 778 91.8 1048 822 968 476 6.7
48 HIGH 90.5 1021 804 936 531 75.0 91.7 1040 819 951 465 613
49 HIGH 91.4 1018 807 947 3533 76.6 91.3 1045 809 967 460 622
AVERAGE 916 103.1 824 962 541 76.2 921 1058 834 988 49.7 658
ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
8 HIGH 89.7 1027 778 916 446 616
14 HIGH 946 1058 804 939 501 67.2 929 1065 864 999 5S41 765
16 HIGH 96.1 109.1 854 1013 55.4 73.6 927 1063 861 995 S33 750
19 HIGH 959 1089 85.7 1014 549 722 92.3 1057 858 997 536 748
23 HIGH 96.4 1084 837 979 836 7.8 91.7 105.0 829 974 522 742
32 HIGH 96.3 1090 856 1013 5852 726 923 1060 854 990 S38 769
35 HIGH 958 108.0 840 977 534 7 91.5 1048 818 962 508 714
40 HIGH 957 1074 831 961 323 70.6 91.2 1052 827 970 496 685
48 HIGH 949 1065 815 949 526 7.1 909 040 818 938 484 652
49 HIGH 959 1074 826 962 3521 70.5 91.8 1047 832 961 497 693
AVERAGE 95.7 1078 836 982 8533 71.4 91.7 1051 838 975 S1.5 727
ROOMA ROOMB
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
3Low 860 970 773 914 465 61.4 884 986 77.8 947 467 627
7L0W 853 950 734 862 419 §9.1 872 957 736 891 425 542
7 LOW 876 984 791 927 S0.6 724 87.2 994 792 953 461 631
4 Low 87.4 981 781 913 503 nz2 882 980 775 938 459 613
55 LOW 876 958 736 848 461 65.3 857 948 720 883 414 546
AVERAGE 869 971 769 903 48.1 68.6 874 976 768 931 450 606
ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
3Low 89.3 998 785 959 49.1 64.6 862 960 769 902 446 632
7 LOW 887 972 731 888 443 62.6 850 949 732 852 425 545
37 LOW 89.2 101.0 792 964 492 64.3 882 983 802 930 462 590
44 LOW 884 997 772 951 480 63.8 871 974 785 917 450 587
S5 LOW 889 979 731 889 440 63.8 87.3 962 746 881 445 674
AVERAGE 890 99.7 777 951 483 64.0 86.7 967 77.7 907 447 608




MUNSTER INDOOR BLAST DATA TEST# 012

ROOM A ROOM B
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEi. CPEAK ASEL APEAK
4 HIGH 934 1067 838 998 546 78.6 924 1051 815 960 465 618
20 HIGH 942 1096 864 1033 S7.0 81.0 93.4 1079 856 101.2 s21 682
26 HIGH 945 1100 866 1040 576 80.0 93.7 1082 857 1014 S26 820
29 HiGH 929 1073 842 1012 552 78.8 92 1080 835 981 503 649
32 HIGH 912 1040 802 947 S1.4 749
33 HIGH 921 1045 816 972 834 76.7 920 1043 799 934 455 618
40 HIGH 924 1047 323 983 540 776 919 1047 810 948 463 609
44 HIGH 925 1065 837 1004 S55.1 79.2 92.4 1061 830 97.7 480 63.2
49 HIGH 947 109.8 867 1040 580 80.9 945 1083 864 1004 519 672
50 HIGH 946 1094 863 1032 577 80.4 943 1081 863 999 521 672
934 1078 847 1015 $5.9 79.2 931 1068 842 989 S03 731
ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
4 HIGH 97.3 108.9 ' 824 958 527 70.7 921 1048 814 952 477 647
20 HIGH 97.1 1098 857 101.8 56.0 74.4 93.1 1065 863 990 S38 735
26 HIGH 97.7 1099 864 1018 557 75.0 93.2 1063 866 999 5S40 7SS
29 HIGH 9.6 108.7 838 9783 540 72.0 91.6 1043 823 951 488 672
32 HIGH 959 1078 800 925 498 66.2 93.7 1046 789 912 448 613
33 HIGH 975 109.0 819 948 509 69.6 923 1030 788 904 443 891
40 HIGH 97.3 1089 826 959 525 71.0 923 1034 811 937 474 6456
44 HIGH 97.2 1083 834 984 839 71.9 926 1044 833 958 496 665
49 HIGH 989 1101 860 1008 555 75.7 947 1063 877 100.1 553 756
50 HIGH 989 1105 863 1008 55.4 74.9 946 1068 865 1002 855 7587
AVERAGE 97.5 1092 843 990 541 729 93.1 1052 844 973 518 717
ROOM A ROOMB
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
14 LOW 862 982 761 90.7 477 67.6 867 977 751 907 432 §7.2
17 LOW 863 976 743 889 473 68.2 86.3 971 757 912 439 604
19 LOW 872 985 765 921 4838 71.8 871 979 766 928 438 595
2 Low 879 985 767 927 49.1 7.2 871 979 766 934 447 606
S2 LOW 888 1019 799 968 51.8 75.8 884 998 791 952 455 615
AVERAGE 874 992 771 931 493 n9 872 982 769 930 443 601
ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
14 LOW 882 989 750 911 450 59.5 845 953 743 875 422 610
17LOW 838 988 751 919 455 63.3 842 955 741 872 444 576
19 LOW 89.3 998 766 935 459 61.7 858 973 769 897 441 576
21 LOW 896 997 777 948 479 62.6
52 LOW 90.4 1026 801 97.1 494 65.4 88.0 1010 822 956 498 646
AVERAGE 889 992 760 927 460 61.6 848 959 751 881 433 596
]




MUNSTER INDOOR BLAST DATA TEST#02.1
ROOM A ROOM B
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
8 HIGH 903 1024 841 987 498 68.7 90.0 1049 828 1000 497 659
14 HIGH 900 1026 833 976 495 66.5 90.1 1046 836 998 506 653
16 HIGH 90.5 1020 840 985 502 67.1 899 1039 814 990 484 658
19 HIGH 90.5 1034 845 987 510 68.9 90.7 1050 840 101.1 516 680
23 HIGH 89.9 1019 834 982 488 66.2 89.8 1040 820 990 49.0 64.1
32 HIGH 88.7 1002 81.3 965 488 668.0 885 1028 794 970 470 64.1
35 HIGH 906 1028 850 991 S1.1 69.3 902 1052 839 101.3 Si4 682
40 HIGH 90.5 1026 849 100.1 514 69.3 90.4 1057 845 1018 523 692
48 HIGH 90.3 1036 848 992 613 84.4 90.5 1062 854 1024 528 694
49 HIGH 91.2 1039 858 1012 s27 69.8 912 107.1 859 1030 533 701
AVERAGE 90.3 1026 843 990 537 75.2 90.2 1051 83.7 1008 510 675
ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
8 HIGH 942 1063 842 1012 530 70.1 924 1046 848 964 509 665
14 HIGH 943 1060 847 1009 534 70.2 93.1 1058 857 976 516 678
16 HIGH 942 1054 831 1000 519 68.8 922 1039 842 959 500 652
19 HIGH 94,1 1068 859 103.0 553 727 928 1050 856 967 ©51.7 668
23 HIGH 939 1055 83.1 999 519 68.5 921 1040 843 961 504 657
32 HIGH 929 1042 815 986 S05 68.4 91.4 1022 820 939 491 637
35 HIGH 939 1068 852 1028 547 72.0 925 1049 860 975 517 682
40 HIGH 938 1074 857 1036 558 73.6 927 1048 865 981 524 694
45 HIGH 952 108.0 871 1041 57.2 73.6 936 1062 873 991 563 757
49 HIGH 954 1089 87.4 1045 570 738 939 1071 88.0 1002 542 708
AVERAGE 942 1067 85.1 1023 54.6 n7 927 1050 857 975 523 695
ROOM A ROCMB
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
3Low 868 998 80.1 950 484 64.4 868 990 795 961 478 644
7L0W 871 996 798 944 482 63.9 860 974 785 955 469 628
37 LOW
44 LOW 854 1000 805 953 488 65.1 863 983 796 965 477 642
55 LOW 87.0 1009 81.8 967 497 66.8 877 997 808 980 49.1 66.1
AVERAGE 86.6 100.1 806 954 488 65.2 867 987 797 966 479 645
ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
JLow 888 1008 824 981 512 67.1 881 995 814 929 480 610
7L0W 889 987 812 973 503 65.7 877 981 799 926 474 608
37 LOW :
44 LOW 88.8 100.1 823 986 51.6 68.4 88.0 988 8i.1 933 480 626
55 LOW 89.2 1014 835 1003 529 70.0 885 997 825 954 493 633
AVERAGE 889 1004 824 987 S1.6 68.1 881 991 813 937 482 621




MUNSTER INDOOR BLAST DATA TEST# 02.2

AQOM A AOOM B
FSEL FPEAK GCSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
4 HIGH 90.0 1024 822 S98.0 490 67.4 91.0 1057 834 1006 529 €677
20 HIGH 89.3 100.4 81.1 964 486 8s.5 898 1036 813 984 719 9NS
26 HIGH 89.7 1005 808 956 482 64.8 90.0 1038 812 983 489 644
29 HIGH 89.5 1002 80.1 83.7 489 625 89.0 1018 778 951 457 611
32 HIGH
33 HIGH 896 1008 815 957 479 64.5 89.5 1031 803 9872 476 629
40 HIGH 899 1006 798 940 482 63.6 895 1026 798 970 482 638
44 HIGH
49 HIGH 883 1000 788 93.0 468 623 89.2 1010 781 950 486 628
50 HIGH 89.0 998 795 935 469 83.0 89.3 101.7 780 955 470 619
AVERAGE 894 1007 806 953 479 64.5 89.7 978 630 825
ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
4 HIGH 946 107.0 854 1020 557 74.7 922 1049 850 966 516 6838
20 HIGH 93.1 1049 828 1002 522 69.7 91.0 1029 827 940 490 635
26 HIGH 93.8 1050 831 997 518 69.1 91.6 1044 837 955 495 645
29 HIGH 93.4 1035 802 961 4838 64.8 90.7 1024 799 919 467 584
32 HIGH
33 HIGH 934 1045 823 985 505 87.0 910 1037 824 937 482 619
40 HIGH 93.7 1043 821 988 524 703 91.1 1039 813 926 479 61.0
44 HIGH
49 HIGH 925 1029 804 965 494 70.6 90.4 1033 802 921 465 596
50 HIGH 8 1036 806 971 3501 66.3 906 1026 802 920 470 633
AVERAGE 93.5 1046 824 990 519 70.1 91.1 1036 823 939 486 638
ROOMA ROOMB
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
14 LOW 861 890 791 942 481 64.5 870 983 793 960 481 633
17LOW 868 983 782 928 473 628 857 974 782 954 465 638
19 LOW 865 985 788 935 476 83.5 869 980 793 959 475 629
21 Low 864 970 769 919 465 61.6 868 966 77.2 941 467 626
s2L0w
AVERAGE 865 983 783 932 474 63.2 866 976 786 954 472 632
ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
14 LOW 89.4 1000 829 983 8520 67.2 874 994 806 921 474 817
17 LOW 883 989 815 976 505 66.5 87.7 985 806 924 475 610
19 LOW 887 997 824 979 511 66.4 875 991 814 925 476 628
21 LOwW 886 983 804 963 496 65.2 869 978 790 897 462 603
52 Low
AVERAGE 89.0 997 825 980 514 67.2 875 991 808 923 475 618




MUNSTER INDOOR BLAST DATA TEST# 3.1

ROOM A ROOMB
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
8 HIGH 89.6 1030 844 992 519 683 89.7 1041 842 1003 S09% 699
14 HIGH 873 1006 808 957 485 64.9 876 1000 80.1 965 472 630
16 HIGH 878 1005 793 964 473 628
19 HIGH 88.5 1016 832 981 513 68.8 889 1025 826 1000 503 679
23 HIGH 89.2 1025 838 995 508 69.0 89.0 1029 833 1004 498 §67.2
32 HIGH 88.0 101.2 821 969 499 65.4 88.3 1013 819 981 488 651
3s HIGH 887 1030 831 1002 498 67.6
40 HIGH 900 1033 850 1014 568 76.8 898 1046 846 1021 8544 749
45 HIGH 89.7 1027 842 983 525 69.5 89.5 1042 838 1008 S16 676
49 HIGH 90.3 1040 852 100.t 533 700 89.5 1050 845 1008 510 682
AVERAGE 89.2 1025 838 990 526 708 889 103.1 830 999 506 688
ROOMC AROOMOD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
8 HIGH 917 1041 860 1012 542 70.3 91.6 1035 864 980 520 666
14 HIGH 90.1 1019 821 981 510 68.0 89.3 1005 822 938 488 694
16 HIGH 90.2 1020 823 978 51.1 66.3 89.4 1022 825 941 485 606
19 HIGH 914 1048 851 1026 55.1 72.4 809 1029 853 962 508 646
23 HIGH 915 105.1 85.0 1024 543 7.6 91.4 1030 861 976 515 654
32 HIGH 9.6 1035 839 1001 8532 70.0 906 101.8 849 93 503 638
35 HIGH 91.4 108.1 853 1019 8§47 70.8 912 1026 852 966 510 676
40 HIGH 923 1071 866 1034 578 76.1 925 1047 874 996 543 723
45 HIGH 93.1 1059 864 1019 556 73.4 922 1049 870 986 529 683
49 HIGH 925 1052 869 101.1 553 73.0 92.7 1052 880 996 534 685
AVERAGE 91.6 104.7 852 1014 547 720 91.3 1034 859 .974 517 678
ROOM A ROOMB
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
3Low 835 931 723 881 442 62.7 852 923 730 894 446 614
7L0W 846 953 754 910 463 61.7 85.0 951 751 92 452 617
7 Low 842 953 743 902 454 61.8 854 933 741 908 450 630
44 LOW 848 975 775 931 475 63.4 850 963 767 930 461 623
55 LOW 851 953 758 902 453 60.0 846 952 762 914 447 599
AVERAGE 845 955 754 908 459 62.0 850 947 752 913 452 618
ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
JLow 852 954 767 921 469 63.3 865 935 742 861 460 564
7L0W 854 962 783 934 481 64.0 865 941 770 888 463 586
37 LOW 868 950 776 928 477 63.3 877 950 754 876 463 595
44 LOW 872 973 799 951 494 65.5 86.8 965 791 807 472 620
§5 LOW 860 968 780 921 477 729 867 959 787 897 469 648
AVERAGE 860 959 780 933 479 64.0 868 947 764 882 464 591




MUNSTER INDOOR BLAST DATA
ROOM A
FSEL FPEAK
4 HIGH 88.8 1008
20 HIGH 87.1 98.0
26 HIGH 859 978
29 HIGH 86.3 98.1
32 HIGH 87.1 973
33 HIGH 878 99.2
40 HIGH 838 994
44 HIGH 878 99.1
49 HIGH 89.0 101.1
50 HIGH 87.4 98.4
AVERAGE 877 9949
ROOMC

4 HIGH
20 HIGH
26 HIGH
29 HIGH
32 HIGH
33 HIGH
40 HIGH
44 HIGH
49 HIGH
S0 HIGH

AVERAGE

14 LOW
17 LOW
19 LOW
a1 Low
S2L0W

AVERAGE

14 LOW
17 LOW
19 LOW
21 LOW
52 0w

AVERAGE

TEST# 1.2

FSEL FPEAK CSEL CPEAK

103.2
103.1

ROOM A

95.1

ROOMC

c7

FSEL

ROOMB

FPEAK

ROOMD

FSEL FPEAK

CSEL CPEAK
826 985
798 963
7.8 936
784 948
788 947
791 9558
804 974
79.1 964
819 993
783 954
799 965

CSEL CPEAK
859 973
806 919
798 912
814 929
784 90.2
80.6 928
820 929
798 919
840 956
58.3 689
81.5 931

CSEL CPEAK
764 927
73.9 894
76.7 916
71T 90
762 916

CSEL CPEAK
780 89.4
76.0 87.2
777 886
79.0 90.6
7.5 887

ASEL APEAK
493 6558
47.7 €49
458 3597
482 611
458 609
461 602
48.8 6835
47.4 681
488 647
465 622
474 637

ASEL APEAK
512 857
473 S9S
472 s89
480 695
458 S8.0
472 618
484 60.1
473 601
50.1 65.3
479 S8.0
483 635

ASEL APEAK
466 617
439 575
449 617
464 61.7
456 61.0

ASEL APEAK
46.5 583
454 577
47.7 1.4
464 617
466 660




MUNSTER INDOOR BLAST DATA TEST# 0 :

ROOM A ROOM B
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
8 HIGH 920 1062 8638 1003 S34 71.4 909 1052 823 998 497 684
14 HIGH 953 1102 902 1046 879 1 949 1101 881 1037 S53 705
16 HIGH 960 1108 909 1054 586 777 950 1104 885 1045 S57 7.1
19 HIGH 942 1087 89.0 103.2 S6.4 76.8 939 1006 868 1024 545 691
2 HIGH 960 110.8 91.0 1085 S84 78.0 951 1104 8835 1047 SS9 T7ie
32 HIGH 955 1093 90.4 1050 S8.0 78.2 949 1103 886 1048 859 713
35 HIGH 950 109.1 8968 1041 872 7.8 94.9 1099 880 1040 558 723
40 HIGH 959 1101 906 1044 S8.1 ne 952 1099 881 1039 5583 739
48 HIGH 965 1103 917 1055 S8.9 785 957 1104 89.0 1046 S68 753
49 HIGH 969 110.7 9.7 1054 387 78.1 964 1106 895 1042 582 78.4
AVERAGE 955 1098 904 1046 578 774 949 1098 881 1039 558 732
ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
8 HIGH 924 1058 83.4 1001 521 67.6 900 1013 836 953 506 721
14 HIGH 97.0 1111 87.1 1046 573 75.7 93.0 1058 884 1006 552 732
18 HIGH 968 ‘114 877 1054 576 75.5 93.4 1063 870 1008 S59 732
19 HIGH 958 19.6 856 1032 855 73.8 926 1059 855 985 832 733
23 HIGH 969 1114 88.0 1054 580 759 83.7 1070 678 1022 867 770
32 HIGH 969 1113 882 1056 583 5.7 93.4 1067 870 1017 557 T0
35 HIGH 968 1109 876 1049 583 75.7 93.1 1083 862 1004 554 764
40 HIGH 972 110.8 874 1044 5708 76.1 929 1061 86.1 1003 559 77.4
48 HIGH 969 1114 877 1049 579 76.2 93.5 1067 874 1010 565 775
49 HIGH 976 1116 876 1043 S8.0 75.3 939 1064 877 101.1 576 784
AVERAGE 966 1108 872 1045 574 75.2 93.1 1061 866 1005 556 76.1
ROOMA ROOMB
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
JLow 87.3 986 812 954 50.1 65.7 874 982 778 957 487 642
7L0W 867 992 818 955 S06 67.1 859 982 /73 953 480 642
7 Low 89.7 1016 842 982 S20 .7N3 879 1024 811 988 S0.1 66.2
44 LOW 91.8 1043 87.0 1004 S39 731 900 1034 832 1005 520 672
55 LOW 91.4 1042 868 1000 53.1 708 899 1029 830 994 510 662
AVERAGE 89.9 1022 848 984 8522 70.4 885 1016 9811 984 502 6538
ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
3Low 883 995 804 980 S15 68.7 867 940 767 898 463 618
7TLoW 884 991 800 972 S08 67.2 864 936 769 899 465 616
37 LOW 90.3 1034 828 1002 533 69.5 879 987 80.t 927 482 641
44 LOW 90.6 1045 846 1015 545 70.0 892 999 828 954 506 67.3
55 LOW 909 103.7 829 1002 %23 68.1 896 994 823 940 .505 671
AVERAGE 89.3 1018 820 993 525 68.9 875 969 794 922 479 639




MUNSTER INDOOR BLAST DATA TEST# 042

ROOM A ROOM B
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
4 HIGH 858 109.7 807 1050 S8.2 723 853 1108 885 1047 5856 722
20 HIGH 96.7 111.2 920 1058 s8.1 76.0 956 1110 892 1056 570 750
26 HIGH 98.8 1128 944 1085 604 79.7 96.9 1127 914 1082 604 786
29 HIGH 956 100.7 904 1040 56.2 74.4 95.1 1101 879 1039 545 710
32 HIGH 953 1099 899 1042 560 734 948 1095 676 1031 S44¢ 710
33 HIGH 96.3 1104 90.7 1046 S7.3 75.6 962 110.7 890 1042 572 754
40 HIGH 96.1 1102 908 1045 976 773 955 1102 885 1041 S84 7386
44 HIGH 95.2 1083 902 1035 S56.4 76.8 950 1095 879 1038 854 716
49 HIGH 946 1080 89.0 1028 S6.0 74.6 950 1092 878 1024 547 705
$0 HIGH 94.1 1087 878 1023 549 737 944 1081 86.1 1003 530 689
AVERAGE 96.0 1102 909 1049 572 75.9 954 1103 886 1045 S64 737
ROOMC ROOM D
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
4 HIGH 97.3 1118 883 1047 589 76.7 851 1061 89.2 1021 571 753
20 HIGH 975 1123 888 1061 598 771 949 1067 885 101.7 S7.0 767
26 HIGH 98.1 1140 912 1089 622 79.9 966 109.t 91.7 1060 608 798
29 HIGH 970 1111 87.0 1040 578 78.2 94.1 1056 873 1010 856 771
32 HIGH 96.6 1105 86.0 103t 5638 76.2 93.7 1049 860 992 5852 772
3D HIGH 97.7 111.9 879 1044 587 76.4 942 1046 868 1009 575 795
40 HIGH 972 111.3 875 1042 585 75.2 939 1038 846 983 564 775
44 HIGH 966 1107 869 1039 574 749 938 1052 859 99.7 859 773
49 HIGH 96.7 110.4 862 1027 S6.8 74.6 932 1040 843 979 551 768
$0 HIGH 96.7 1090 842 1000 S48 733 93.4 1043 839 973 S42 764
AVERAGE 972 1115 878 1048 58.6 76.3 944 1057 875 101.2 569 776
ROOMA ROOMB
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
14 LOW 91.7 104.0 86.7 100.1 S3.7 69.1 89.8 1038 837 1008 518 67.1
17 LOW 91.5 1045 87.1 1012 544 AR 90.1 1038 846 101.6 533 696
19 LOW 90.7 1038 861 996 S35 70.0 89.6 1029 833 1003 519 680
21 Low
S2LOW 83.5 1018 837 965 503 66.1 89.4 1008 80.1 969 490 634
AVERAGE 90.0 1027 851 987 523 68.5 88.8 1020 822 993 508 666
ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
14 LOW 915 1050 843 101.6 548 70.7 908 996 834 962 508 666
17 LOW 91.4 1051 855 1029 563 728 91.0 1004 838 971 509 661
19 LOW 91.3 1039 841 1013 544 70.2 904 988 820 952 497 646
21 LOW
52LOW 89.8 1019 806 978 507 66.1 90.7 981 792 916 489 623
AVERAGE 905 1038 836 1009 542 70.3 89.8 987 822 953 496 651




MUNSTER INDOOR BLAST DATA TEST# o8.1

ROQOM A ROOM B
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
8 HIGH 96.2 108.7 90.1 1044 S838 728 958 1008 0885 1049 S70 78S
14 HIGH 943 1080 873 1011 885§ 7.2 94.1 1061 845 1027 S39 704
16 HIGH 958 1086 906 1042 878 74.1 853 1083 880 1048 S81 707
19 HIGH 934 1042 856 988 %32 68.3 933 1045 824 1002 S14 664
23 HIGH 940 1050 863 999 8539 68.7 839 1055 838 1018 S28 &8s
32 HIGH 840 1053 866 1003 544 - X 93.1 1055 838 1017 822 683
38 HIGH 946 1058 875 1010 852 69.6 940 1061 8S.1 1026 839 6896
40 HIGH 939 1053 87.1 100.1 54.0 69.5 94.3 1060 849 1016 S33 678
48 HIGH 950 1089 88.1 1014 S56 70.4 94.7 1065 864 1021 5485 683
49 HIGH 946 105.1 881 1008 853 704 944 1066 860 1018 542 69.7
AVERAGE 94.7 1062 880 1018 8554 70.8 944 1068 857 1027 S42 704

ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK

8 HIGH 975 1112 880 1059 S8.2 75.0

14 HIGH 95.7 1076 87.1 1046 58.1 739 942 1027 844 976 SIS 718
16 HIGH 966 1098 888 1062 585 74.6 95.0 103.7 873 1004 566 759
19 HIGH 95.4 1060 846 1019 852 709 942 1018 830 955 8522 694
23 HIGH 95.7 1069 859 1033 S6.7 725 942 1028 840 962 530 731
32 HIGH 953 1070 862 1033 56.5 71.8 942 1030 841 961 833 714
35 HIGH 956 1076 869 1041 576 72.9 944 1034 846 969 S39 728
40 HIGH 957 107.3 859 1030 S6.1 70.6 944 1032 843 973 543 728
48 HIGH 959 108.1 864 1036 56.1 70.4 952 1034 852 993 556 757
49 HIGH 960 1074 864 1032 557 70.7 944 1042 856 995 S48 748
AVERAGE 960 1082 868 1041 570 726 945 1032 849 980 5S43 735

ROOM A ROOMB
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
ILOwW 925 103.3 856 987 536 68.2 929 1026 833 1003 526 69.2
7LO0W 935 1051 871 1008 55.1 69.8 935 103.7 842 1012 527 680
37 LOW 919 966 782 912 497 62.0 914 966 761 936 492 617
44 LOW 919 960 787 914 495 62.9 915 956 756 931 487 618
sSLow 919 976 810 935 506 64.0 917 964 769 938 486 618
AVERAGE 924 101.3 836 969 8523 66.5 923 1004 808 979 508 658

ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
3Low 946 1041 851 1021 857 7.4 934 1006 834 957 512 654
7L0W 94.3 1047 862 1024 55.4 7.0 940 1019 848 967 527 686
37 LOW 929 982 798 963 S2.1 65.8 929 957 748 878 492 614
4 LOW 921 980 793 954 511 64.3 927 958 749 881 488 639
55 LOwW 927 983 799 959 509 684.8 929 969 765 897 493 618
AVERAGE 938 1027 840 1006 544 69.7 933 996 820 943 509 656
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MUNSTER INDOOR BLAST DATA TEST# 08.2

ROOM A ROOMB
FSEL FPEAK CSEL CPEAX ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
4 HIGH 965 1095 895 1040 567 74.3 966 1100 88.7 1041 873 756
20 HIGH 970 110.1 908 1046 573 74.8 968 1106 895 1050 S83 758
26 HIGH 96.7 109.2 900 1040 S7.2 74.2 97.1 1106 896 1053 S8.1 780
29 HIGH 965 110.1 903 1046 S71 74.8 967 1103 892 1049 S79 76.1
32 HIGH 962 1088 895 1030 S83 745 966 1099 889 1044 S71 740
33 HIGH 96.0 1085 889 1021 S8.7 71.7 963 1091 882 1030 563 73S
40 HIGH 964 1090 900 103.7 S7.0 74.6 966 109.7 889 1042 871 748
44 HIGH 96.7 1095 905 1042 57.2 737 987 1098 889 1043 574 746
49 HIGH 966 1089 903 1039 873 738 969 1097 889 1039 S80 762
S0 HIGH 966 1092 900 1038 570 73 969 109.3 886 103.2 576 764
AVERAGE 965 1093 900 1038 569 74.0 96.7 1099 89.0 1043 575 754
ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
4 HIGH 97.8 1109 873 1047 S7.1 74.4 965 1059 886 1018 568 765
20 HIGH 978 111.6 882 1058 586 76.9 965 1065 893 1027 S83 77.1
26 HIGH 97.7 1115 884 1062 S8.6 75.2 96.1 1064 888 1028 575 778
29 HIGH 97.5 1112 881 1057 S$85 76.2 965 1069 890 1029 58.0 779
32 HIGH 97.7 1109 876 1054 58.1 748 959 1061 878 1019 571 773
33 HIGH 974 1101 866 1039 574 74.2 954 1055 869 1004 559 771
40 HIGH 98.0 1108 876 1050 579 75.4 958 1060 878 1021 573 766
44 HIGH 97.7 1108 876 105.1 S7.9 75.0 96.5 1064 887 1021 S74 776
49 HIGH 98.0 1108 874 1047 S75 734 95.7 1064 884 1018 574 768
50 HIGH 97.4 1104 866 1039 569 74.9 96.1 1062 879 1009 573 768
AVERAGE 97.7 1109 876 1051 §7.9 75.1 96.1 1062 884 1020 573 772
ROOM A ROOMB
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
14 LOW 933 1035 852 991 835 68.2 93.0 1021 821 995 8523 671
17 LOW 929 1033 847 984 8529 671 93.0 1018 817 992 520 662
19 LOW 932 1043 859 998 541 88.7 93.0 1027 83.1 1003 529 6741
a1 Low 93.1 1039 858 1002 S4.2 69.2 93.8 1027 835 1007 537 68.1
S2LOW 928 1033 852 988 532 68.0 930 101.3 830 984 521 646
AVERAGE 93.1 103.7 854 993 S36 68.3 93.2 1022 827 997 526 668
ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
14 LOW 945 1034 843 1012 550 70.5 935 993 824 947 508 643
17 LOW 940 1029 837 100.7 542 69.7 942 987 816 943 509 702
19 LOW 940 1036 850 101.7 S50 70.4 93.1 100.1 83.0 949 509 654
21 LOW 942 1037 857 1023 559 713 938 999 825 947 513 649
s2LOw 932 1022 839 998 532 723 932 1000 816 942 513 656

AVERAGE 942 1034 847 1015 551 70.5 936 995 824 947 S09 665
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MUNSTER INDOOR BLAST DATA

8 HIGH
14 HIGH
16 HIGH
19 HIGH
23 HIGH
32 HIGH
35 HIGH
40 HIGH
485 HIGH
49 HIGH

AVERAGE

8 HIGH
14 HIGH
16 HIGH
19 HIGH
23 HIGH
32 HIGH
35 HIGH
40 HIGH
48 HIGH
49 HIGH

AVERAGE

3ILow
7L0W
37 LOW
4“4 LOW
55 LOW

AVERAGE

ILow
7LOW
37 L0W
44 LOW
55 LOW

AVERAGE

ROOM A

TEST# 08.1

ROOMC

999 1129 878 103.8

100.1 113.1 87.0 101§

ROOM A

FSEL FPEAK CSEL CPEAK

ROOMB

FSEL FPEAK CSEL CPEAK

ROOMC

950 1051 800 900
851 1053 810 916
948 1073 817 933
944 1052 799 910
962 1081 829 960

951 1064 812 929

ROOMD
FSEL FPEAK CSEL CPEAK

924 1048 798 937
919 101.7 765 89.4
938 1056 805 957

922 1035 785 921

61.2
61.6
57.2

61.4

Ct12

921 1034 754 863
916 1023 757 869
944 1056 790 899
934 1042 774 876
943 1053 798 924

928 1039 768 876

ASEL APEAK
467 1.5
484 724
467 7N
475 704
477 743
457 738
480 743
499 734
471 724
477 132

ASEL APEAK
442 651
599 847
438 611
447 873
44 7123
460 595
436 643
472 721
464 620
514 757

ASEL APEAK
429 583
419 549
442 601
414 628
423 621
427 604

ASEL APEAK
426 626
429 613
428 56.1
425 647
441 613
427 622




MUNSTER INDOOR BLAST DATA TEST# 08.2
ROOM A ROOM B
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
4 HIGH 1028 1152 895 1058 513 74.3 1050 1169 908 1019 476 N.2
20 HIGH 101.6 1138 878 1031 472 75.4 1040 1154 896 1023 467 701
26 HIGH 101.8 1142 881 1037 475 75.8 104.1 1157 900 1026 475 739
29 HIGH 1023 1144 886 104.1 48.4 74.5 104.7 1163 903 103.2 480 €8S
32 HIGH 1029 1149 893 1046 499 74.9 1049 1166 909 1032 492 7.8
33 HIGH 102.1 1148 892 108.1 503 75.3 1042 1165 90.7 1043 489 726
40 HIGH 101.9 1143 880 1036 484 75.4 1038 1158 898 1032 488 744
44 HIGH 103.1 116.7 892 1026 489 78.5 1066 1181 9168 103.7 483 743
49 HIGH 1025 1145 892 1042 493 76.3 1046 1167 908 1036 482 725
50 HIGH 101.7 1136 873 1023 456 749 103.9 1155 894 1016 457 743
AVERAGE 1023 1147 88.7 1040 490 75.4 1045 1164 904 1030 478 727
ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
HIGH 1024 1133 862 968 453 64.7 99.4 1128 8680 999 484 627
20 HIGH 101.6 1128 856 968 456 58.9 98.7 1105 847 1002 47.1 706
26 HIGH 101.6 1125 854 980 467 69.2 989 1111 855 1003 486 627
29 HIGH 101.7 1129 858 981 452 63.3 989 1116 853 1009 490 704
32 HIGH 1026 113.7 865 978 445 62.9 99.7 1125 863 1016 4968 655
33 HiGH 1020 1135 865 983 465 63.5 994 1126 86.7 1027 Si.1 68.1
40 HIGH 101.9 113.0 857 968 450 64.7 99.1 1115 855 1016 502 64.6
44 HIGH 1029 1139 869 979 445 71.0 100.1 1140 862 1006 467 76.6
49 HIGH 1026 1139 872 989 465 AR 99.7 1124 866 1017 484 744
S0 HIGH 1021 113.1 858 966 442 61.5 988 1105 843 995 460 615
AVERAGE 1022 1133 862 975 455 66.8 99.3 1121 858 1010 488 706
ROOM A ROOMB
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
14 LOW 929 1052 803 954 443 80.8 959 1065 820 918 431 562
17 LOW 920 1042 773 9.7 M1 61.7 95.1 1053 803 N0 410 615
19 LOW 910 1035 785 949 455 60.8 938 1044 797 923 414 620
2 Low 926 1047 803 956 437 56.8 954 1060 815 929 434 611
S2LOwW . 92.1 1047 789 946 443 63.5 953 1057 81.0 936 429 626
AVERAGE 922 1045 792 946 440 61.2 95.2 1056 81.0 924 425 612
ROOMC ROOM D
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
14 LOW 924 1036 769 878 427 61.7 89.3 1023 768 896 436 S59.0
17 LOW 90.7 101.7 739 855 409 61.7 884 1009 738 880 422 664
19 LOW 91.4 1025 752 862 421 59.2 884 999 755 905 459 687
21 LOwW 920 1028 766 874 426 54.8 893 1014 772 911 449 615
s2LOW 929 1038 770 880 455 64.0 89.3 1011 761 909 438 626
AVERAGE 91.8 1029 76.0 870 423 60.5 83.0 1018 762 899 442 647
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MUNSTER INDOOR BLAST DATA
ROOM A

TEST# 07.1

FSEL FPEAK CSEL CPEAK ASEL APEAK

- R W e T S T . A WD W D R D e e W T . ——— Y= . WD - = v TS = . A . -

0.0

87.5

0.0

0.0

0.0

0.0

0.0

0.0

0.0

ROOM B
FSEL FPEAK CSEL CPEAK

ROOMO
FSEL FPEAK CSEL CPEAX
1049 1156 882 98.1
106.8 1175 90.4 1008
1058 1165 892 995
106.6 1172 896 99.2
1049 1156 880 975
105.7 1164 839 990
1053 116.t 889 989
106.9 118.1 906 100.6
1047 1184 874 979

105.4 116.1 88.7 98.7

ROOM B

FSEL FPEAK CSEL CPEAK

ROOM D
FSEL FPEAK CSEL CPEAK

ASEL

- -

APEAK

i - ———— ——— T ———— " = ——— A " - m e "

8 HIGH
14 HIGH
16 HIGH
19 HIGH
23 HIGH
32 HIGH
38 HIGH
40 HIGH
45 HIGH
43 HIGH
AVERAGE 00 00
ROOM C
FSEL FPEAK
8 HIGH 1020 1153
14 HIGH 1039 117.2
16 HIGH 1027 1153
19 HIGH 1033 1159
23 HIGH 101.3 1137
32 HIGH
35 HIGH 1025 114.1
40 HIGH 1022 115.1
45 HIGH 1042 117.0
49 HIGH 1016 113.1
AVERAGE 1023 1149
ROOM A
3Low
7L0W
a7 LOW
“Low
S5LOW
AVERAGE 00 00
ROOM C
FSEL FPEAK
3Low 94.0 106.4
7 LOW
37 LOW 926 1039
44 LOW 94.3 106.6
55 LOW 91.9 1042
AVERAGE 924 104.5
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MUNSTER INDOOR BLAST DATA TEST# 07.2

ROOM A ROOMB
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK. ASEL APEAK
4 HIGH 106.3 1190 926 1050 479 705
20 HIGH 107.9 1208 941 1065 497 719
26 HIGH 106.1 1185 921 1044 461 702
29 HIGH 105.0 1179 911 1040 481 755
32 HIGH
33 HIGH 105.1 117.3 90.1 1019 454 699
40 HIGH 103.6 1158 899 1035 452 705
44 HIGH 107.7 1202 941 1074 503 728
49 HIGH 107.9 120.7 S4.1 1070 518 726
50 HIGH 107.3 1201 935 1058 479 705
AVERAGE 0.0 0.0 0.0 0.0 0.0 0.0 106.5 1192 927 1054 486 720
AOOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
4 HIGH 1024 1158 888 1036 482 73.1 105.2 1165 887 994 449 711
20 HIGH 1044 1177 904 1045 50.0 73.0 1069 1181 90.2 1005 469 656
26 HIGH 102.0 1151 879 1016 467 76.1 105.1 1162 887 994 452 714
29 HIGH 101.2 1151 872 1013 478 75.4 1043 11S5 879 989 483 722
32 HIGH .
33 HIGH 1019 1143 858 989 447 76.3 105.0 1163 880 985 439 717
40 HIGH 100.5 1123 866 101.6 446 58.7 103.3 1145 865 973 434 723
44 HIGH 104.0 117.0 905 1058 50.0 73.1 1068 1182 90.5 101.0 462 648
49 HIGH 104.7 1175 90.4 105.1 46.7 73.2 107.6 1187 909 1011 444 648
50 HIGH 103.3 1167 894 1037 474 721 106.5 1178 902 1010 450 663
AVERAGE 1029 1160 889 1034 477 738 1058 1171 893 998 456 700
ROOM A ROOM B
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CuEL CPEAK ASEL APEAK
14 LOW
17 oW 96.5 1090 844 995 466 639
19 LOW 98.4 111.3 852 987 463 600
21 Low 95.2 1076 820 940 451 637
52LOW | 97.2 1098 842 97.3 429 629
AVERAGE 0.0 0.0 0.0 0.0 0.0 0.0 97.0 1096 841 978 454 629
ROOMC ROOM D
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
14 LOW
17 LOW 92.7 1064 821 983 464 61.1 959 1072 814 943 442 566
19 LOW 94.1 1083 818 968 471 64.6 976 1082 823 922 444 629
21 LOwW 916 1042 794 921 470 55.9 95.0 1059 79.0 894 430 587
52 LOW 935 1067 810 960 45.1 62.0 968 1083 815 931 425 562
AVERAGE 91.7 1054 800 952 456 60.6 95.1 1060 799 912 427 590
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MUNSTER INDOOR BLAST DATA TEST# 08.1
ROOM A ROOM B
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
8 HIGH 1026 1152 880 1032 467 n7
14 HIGH 1021 1145 887 1048 480 7.9
16 HIGH 103.9 1162 904 1063 502 74.8
19 HIGH 102.4 1146 875 1028 463 749
23 HIGH 1028 1145 878 1034 473 734
32 HIGH 1028 1145 868 1020 4638 74.7
3S HIGH 1023 1154 887 105.1 484 73.6
40 HIGH 1025 1183 889 1050 483 73.4
45 HIGH 103.8 117.2 908 1066 506 739
49 HIGH 103.4 1157 894 1054 487 n.7
AVERAGE 1029 1154 889 1047 484 739 09 0.0 0.0 0.0 0.0 0.0
AOOM C ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
8 HIGH 103.1 1166 892 1028 480 n7 105.7 1165 891 994 442 721
14 HIGH 1029 116.1 899 1047 511 75.2 1049 1165 889 993 487 723
16 HIGH 1049 1178 918 1068 821 763 | 1068 1183 907 1012 466 €6.1
19 HIGH 103.0 1162 892 1026 495 725 1053 1165 888 99.0 447 722
23 HIGH 103.2 1158 89.0 1023 484 75 105.7 1168 89.2 1002 45.1 720
32 HIGH 102.8 1144 876 101.1 495 75.7 105.7 1165 886 9835 437 71§
35 HIGH 103.2 1167 903 1049 491 7.5 105.2 1167 B892 99.7 450 717
40 HIGH 103.5 1166 90.6 1063 S26 74.5 1055 1171 894 1006 457 721
48 HIGH 105.¢ 1188 925 1076 54.2 7.4 107.1 1188 913 1032 492 685
49 HIGH 1042 117.2 909 1063 491 75.6 1066 1179 903 1014 463 671
AVERAGE 103.7 1168 903 105.0 S0.8 74.7 1059 1172 896 1005 463 711
ROOM A ROOMB
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
JLow 94.9 107.3 812 959 421 56.9
7LOW 944 107.7 823 974 441 63.9
37 LOW 95.1 1070 822 979 448 62.4
4“4 Low 949 1061 818 967 432 58.7
55 LOW 947 1079 826 973 444 61.9
AVERAGE 948 1072 820 971 438 61.4 0.0 0.0 0.0 0.0 0.0 0.0
ROOMC ROOMO
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
3LOwW 946 1086 824 967 446 63.1 974 1082 818 921 420 570
7LOW 948 1089 833 974 467 61.3 962 1076 811 918 423 614
7 LOW 95.0 109.1 837 984 5§10 69.9 975 1090 822 936 441 612
44 LOW 843 1071 823 977 464 61.5 97.4 1088 822 936 440 636
§5 LOW 95.0 108.7 838 977 475 62.4 97.2 1089 823 939 444 602
AVERAGE 947 1085 829 974 474 65.2 97.2 1084 818 927 430 608
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MUNSTER INDOOR BLAST DATA TEST# 08.2
ROOM A ROOM B
FSEL FPEAK CSEL CPEAK ASElL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
4 HIGH 1046 1168 90.2 1061 496 733
20 HIGH 1050 1179 915 1072 S04 734
26 HIGH 1045 117.3 905 1068 517 724
29 HIGH 104.4 1167 90.4 1064 516 71.4
32 HIGH 1048 1172 908 1066 489 726
33 HIGH 105.1 1179 910 1072 49.1 727
40 HIGH 1045 1169 910 1074 518 72.6
44 HIGH 1045 1174 909 167.1 S03 739
49 HIGH 106.5 1182 921 108.2 522 75.4
50 HIGH 1055 1182 921 1080 619 75.1
AVERAGE 1049 1175 911 1071 S0.9 734 0.0 0.0 0.0 0.0 0.0 0.0
ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
4 HIGH 1030 1155 893 1046 504 68.5 1052 1162 887 994 459 N5
20 HIGH 1038 1170 908 1061 3520 76.0 1057 1173 897 1006 469 723
26 HIGH 103.1 1160 90.1 106.0 35.8 76.6 105.4 1165 890 990 462 727
29 HIGH 103.1 1167 90.0 1055 553 7.3 105.3 1166 892 996 469 727
32 HIGH 1036 1163 903 1060 50.2 755 105.7 117.1 896 1007 459 728
33 HIGH 103.9 1167 907 1057 53.0 76.0 106.1 117.5 899 1004 459 718
40 HIGH 103.5 1168 91.0 1071 558 771 1056 1169 897 1009 477 727
44 HIGH 1034 1168 90.7 1063 543 772 105.6 1169 897 1003 466 725
49 HIGH 104.7 1181 920 107.7 543 76.4 1065 1182 908 1026 484 694
50 HIGH 104.7 1180 92.1 108.0 545 76.9 106.7 1183 910 1029 486 6838
AVERAGE 103.7 1163 908 1064 54.0 76.2 1058 1172 898 1008 470 719
ROOMA ROOMB
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
14 LOW 860 1084 83.7 99.7 478 63.3
17 LOW 95.3 1075 825 987 457 65.4
19 LOW 958 1086 8383 999 490 64.1
21 Low 959 1098 842 983 453 61.3
S2L0W . 953 1090 842 997 482 65.4
AVERAGE 957 1087 837 993 474 64.2 0.0 0.0 0.0 0.0 0.0 0.0
ROOMC ROOMD
FSElL. FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
14 LOW 94.3 1079 829 972 492 65.8 97.2 1087 820 933 441 634
17LOW 93.8 1068 815 960 479 63.5 96.4 1075 811 918 433 593
19 LOW 942 1078 83.0 977 512 67.2 97.4 1086 822 922 444 652
21 LOW 946 1081 832 993 469 66.7 967 1087 823 951 440 549
52 LOW 94.3 1077 834 971 492 64.3 968 108.7 827 950 448 574
AVERAGE 942 1077 827 976 49.1 66.0 97.0 1085 819 933 440 625
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MUNSTER INDOOR BLAST DATA TEST# 09.1
ROOM A ROOM B
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
8 HIGH 107.2 1200 936 1096 513 76.0 1089 1214 950 1075 S16 718
14 HIGH 108.3 117.7 913 1077 513 75.9 1068 1193 925 1050 St1 732
16 HIGH 106.4 1196 939 1102 561 77.0 108.1 1208 949 1084 560 726
19 HIGH 106.0 119.1 936 1098 558 n7 107.8 1204 944 1083 851 730
23 HIGH 1059 119.1 933 1088 S22 75.8 107.7 1202 943 1073 S11 708
32 HIGH 1046 1175 914 1078 S22 75.7 106.2 1189 924 1057 S03 724
35 HIGH 106.3 119.1 925 1085 509 74.9 108.2 1208 940 1073 482 715
40 HIGH 106.5 119.2 921 107.7 49.1 74.5 108.1 1208 93.7 1065 499 725
45 HIGH 106.2 1198 932 1096 S$5.6 T77.4 108.2 121.1 949 1081 547 715
49 HIGH 104.1 11683 895 1047 491 738 105.8 1183 913 1038 492 713
AVERAGE 1059 1189 926 1087 53.1 76.0 107.7 1203 939 1070 5825 721
ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
4 HIGH 1058 1189 922 1068 514 74.6
14 HIGH 103.9 1162 899 1042 528 76.3
16 HIGH 105.1 1187 93.0 1082 S8.3 75.0
19 HIGH 104.7 1183 925 1081 578 75.1
23 HIGH 1046 1178 920 1065 S3.1 74.0
32 HIGH 103.1 1161 90.1 1049 528 75.8
35 HIGH 1051 1182 915 1062 492 739
40 HIGH 105.3 1182 91.0 1058 487 74.7
43 HIGH 105.3 119.0 927 1072 §52 74.7
49 HIGH 102.7 1151 881 1025 469 720
AVERAGE 104.7 117.8 915 1063 540 74.7 0.0 0.0 0.0 0.0 0.0 0.0
ROOM A ROOMB
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
JLow 98.3 113.5 882 1039 S21 78.3 996 1123 875 1034 502 69.1
7LO0W 974 1103 844 994 441 60.3 99.0 111.0 850 982 431 594
37 LOW 975 1105 846 996 46.1 62.1 99.2 1116 855 984 461 603
4“4 Low 97.1 111.0 854 1002 465 §2.1 99.1 1119 86.1 100.0 460 63.0
SSLCW 953 1093 825 97.0 445 62.6 97.2 1102 836 969 430 631
AVERAGE 972 111.2 854 1006 47.8 n7 98.9 1115 857 1000 465 645
ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
3Low 965 1116 867 103.0 524 7.5
7LO0W 95.4 108.4 827 972 429 63.4
37 LOW 95.7 1095 835 982 475 62.2
44 LOW 956 1094 844 998 484 64.0
55 LOW 940 1080 815 963 454 62.6
AVERAGE 96.0 110.3 851 1009 499 67.6 0.0 0.0 0.0 0.0 0.0 0.0

ci8




MUNSTER INDOOR BLAST DATA TEST# 09.2

ROOM A ROOMB
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
4 HIGH 106.0 119.1 929 1085 S0.8 75.2 1079 1202 938 1076 498 722
20 HIGH 105.6 1184 917 1079 S23 75.7 1075 1199 930 1060 S36 734
26 HIGH 1066 1195 935 1096 526 76.3 108.3 1208 944 1084 530 720
29 HIGH 1059 119.0 922 1087 532 75.8 1080 1202 935 107.0 6§22 732
32 HIGH 107.2 1207 941 1099 S27 76.0 109.1 121.8 953 1093 542 754
33 HIGH 107.1 1200 941 1100 837 76.5 109.1 121.7 954 1089 S$57 768
40 HIGH 106.5 1202 944 1100 544 75.6 108.4 121.1 951 1093 539 706
44 HIGH 106.5 1197 933 1095 830 76.4 108.3 1206 943 108.7 S22 721
49 HIGH 105.5 1184 90.6 1057 479 74.0 107.7 120.1 926 1044 474 720
50 HIGH 105.4 1184 924 1084 540 770 107.4 1199 935 1078 S§1.6 727
AVERAGE 106.3 1194 93.1 1090 528 759 108.2 1207 942 1079 529 734
ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
4 HIGH 105.1 1181 917 1066 50.6 74.8
20 HIGH 104.7 1174 909 1053 55.2 75.6
26 HIGH 105.7 1188 924 1076 S54.4 74.5
29 HIGH 1083 1179 915 1063 837 75.5
32 HIGH 106.7 1200 93.4 1087 543 739
33 HIGH 106.5 1199 935 1082 §70 73.6
40 HIGH 1059 1195 936 1087 6§57 73.5
44 HIGH 105.4 1184 923 108.0 540 74.5
49 HIGH 1044 1172 895 1034 474 73.1
50 HIGH 104.3 1175 914 1065 533 74.9
AVERAGE 105.5 1186 922 107.2 542 74.5 0.0 0.0 0.0 0.0 0.0 0.0
ROOMA ROOMB
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
14 LOW 966 1103 851 1002 480 64.3 985 1106 848 980 467 629
17 LOW 96.5 1099 843 1003 457 62.5 98.8 1103 847 975 450 615
19 LOW
21 Low 96.4 1097 845 1003 487 65.8 98.5 110.0 848 975 477 634
52 LOW i 956 1090 840 987 475 64.2 979 1094 843 991 454 628
AVERAGE 96.3 1098 845 999 476 64.4 98.4 1101 847 981 463 627
ROOMC ROOM D
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
14 LOW 949 1086 831 971 475 64.3
17 LOW 952 1083 827 967 456 63.5
19 LOW
21 LOW 95.1 1081 832 972 486 65.4
52 LOW 944 1077 826 99.0 463 61.6
AVERAGE 93.7 1072 819 959 466 63.4 0.0 0.0 0.0 0.0 0.0 0.0
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MUNSTER INDOOR BLAST DATA TEST# 101
ROOM A ROOM B
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
8 HIGH 1087 1231 983 1143 640 89.4 1100 1238 981 1121 883 1188
14 HIGH 1088 123.1 983 1142 64.6 89.9 1102 1236 983 1120 876 1188
16 HIGH 109.1 1235 9685 1144 637 89.7 1104 1241 984 1118 874 1188
19 HIGH 1089 1226 985 1143 643 90.3 1104 124.1 986 1128 868 1188
23 HIGH 1088 1228 98.0 113.7 635 88.7 110.4 1239 983 1128 884 1188
32 HIGH 1086 1224 978 1137 636 87.9 1100 1234 979 1124 890 1188
35 HIGH 1088 1229 976 1135 622 88.5 110.4 124.1 982 1125 896 1188
40 HIGH 1088 1231 976 113.2 623 88.6 1105 1244 984 1125 899 1188
48 HIGH 109.0 1233 9681 1140 650 89.7 110.8 1244 98.7 1126 87.7 1188
49 HIGH 108.4 1225 968 1125 608 85.7 1102 123.7 977 1115 S85 803
AVERAGE 108.8 123.0 980 1138 636 89.0 110.3 1240 983 1123 88.0 1183
ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
8 HIGH 108.8 1204 929 1063 578 747
14 HIGH 109.2 1208 93.2 1067 582 747
16 HIGH 109.2 121.0 932 1069 S68 739
19 HIGH 109.4 1210 934 1074 S82 750
23 HIGH 109.4 12111 935 1074 579 769
32 HIGH 109.2 1208 932 1065 574 862
35 HIGH 109.5 121.3 935 107.0 557 757
40 HIGH 109.4 1214 938 107.7 875 772
45 HIGH 109.7 1216 941 1079 620 866
49 HIGH 109.5 121.3 93.6 1061 555 74.2
AVERAGE 0.0 0.0 0.0 0.0 0.0 0.0 109.3 1211 935 1070 S81 B06
ROOMA ROOMB
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
3LOwW 998 1165 981.7 1086 $83 785 101.2 1151 90.6 1079 562 744
7LowW 100.2 1168 924 1091 S95 79.4 101.5 1155 91.1 1087 569 746
37LOW 100.3 1170 918 1083 S75 79.4 1020 1156 914 1083 569 736
44 LOW 1000 1167 916 107.8 585 79.1 1019 1154 912 1083 57.0 746
55 LOW 1000 1168 91.5 1080 598 78.2 1020 1150 910 107.5 558 74
AVERAGE 100.1 1168 91.8 108.4 5838 78.9 101.7 1153 911 1082 566 74.3
ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
3Low 100.1 1112 846 973 513 67.2
7 LOW 1003 1114 850 976 521 682
37 LOW 100.6 1123 857 1000 S23 679
44 LOW 1009 1119 858 1008 534 718
55 LOW 1009 1121 86.0 1014 542 708
AVERAGE 0.0 0.0 0.0 0.0 0.0 0.0 100.4 1116 852 989 S22 689




MUNSTER INDOOR BLAST DATA TEST# 102

ROOM A ROOMB
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
4 HIGH 1123 1263 1013 1178 909 1188
20 HiIGH 108.4 1220 976 1138 630 83.8 1076 1228 979 1145 651 883
26 HIGH 1098 1230 975 1128 621 81.9 108.4 1222 97.7 1138 640 866
29 HIGH 109.5 1225 974 1121 607 80.4 108.3 1226 975 1126 624 867
32 HIGH 1076 1209 960 1120 60.0 75.9 106.6 1211 969 1128 611 812
33 HIGH 109.4 1228 976 1135 61.7 80.2 108.3 1228 98.0 1135 645 866
40 HIGH 1093 1227 976 1122 S95 79.6 108.2 1226 974 1128 607 852
44 HIGH 107.5 1204 958 1112 600 77.9 1069 1205 959 1113 622 819
49 HIGH 1080 1224 978 1124 640 848
$0 HIGH
AVERAGE 1089 1221 97.1 1126 61.2 80.6 1086 1230 981 1139 814 1093
ROOMC ROOMD
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
4 HIGH 111.0 123.0 969 1106 683 876
20 HIGH 1059 1176 924 1058 646 820
26 HIGH 107.2 1186 93.2 1059 65.1 832
2$ HIGH 106.9 1184 932 1063 658 849
32 HIGH 105.1 1167 909 1042 622 806
33 HIGH 1068 1185 930 1069 662 85.1
40 HIGH 106.6 1183 93.0 1063 655 841
44 HIGH 105.6 1164 91.4 1063 624 805
49 HIGH
50 HIGH
AVERAGE 0.0 0.0 0.0 0.0 0.0 0.0 107.3 1189 934 1069 654 841
ROOM A ROOMB
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
14 LOW 1006 1126 898 1065 S5.1 733 990 1144 907 1075 S7.7 791
17 LOW 101.3 1124 898 1064 552 74.1 989 1143 907 107.3 579 798
19 LOW 1009 1129 898 1068 555 75.1 988 1147 903 1074 582 764
21 Low 1019 1137 905 1073 552 75.3 99.5 1154 915 1080 S82 769
S2LOW .
AVERAGE 101.2 1129 900 1068 553 745 99.1 1147 908 1076 S8.0 783
ROOMC ROOM D
FSEL FPEAK CSEL CPEAK ASEL APEAK FSEL FPEAK CSEL CPEAK ASEL APEAK
14 LOW 97.3 1082 828 961 S04 646
17 LOW 974 1086 831 956 518 664
19 LOW 971 1083 835 977 S3.1 685
210w 97.8 1096 847 982 543 68.0
s2LOwW
AVERAGE 0.0 0.0 0.0 0.0 0.0 0.0 97.3 1083 831 965 516 663




Appendix D: Subject Response Data by Room
{’orhgr?all Arms and Tracked and Wheeled
ehicles
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qu_endlx E: Subject Response Data and
ransition Analysis Curves, Grouped by
Measurement Sets, for Blast Sounds




PERCENT FINDING EVENT MORE ANNOYING
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Figure E1

Test Source: Large Blast
Conditior: Windcws Closed
Control Source: Vehicles
Data Included: Set 1
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E2

Test Source: Small Blast
Condition: Windows Closed
Control Source: Vehicles
Data Included: Set 1
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E3

Test Source: Large Blast
Condition: Windows Closed
Control Source: White Noise
Data Included: Set 1
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E4

Test Source: Large Blast
Condition: Windows Closed
Control Source: Vehicles
Data Included: Set 2
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PERCENT FINDING EVENT MORE ANNOYING
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Figure ES

Test Source: Small Blast
Condition: Windows Closed
Control Source: Vehicles
Data Included: Set 2
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E6

Test Source: Large Blast
Condition: Windows Closed
Control Source: White Noise
Data Included: Set 2
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E7

Test Source: Large Blast
Condition: Windows Closed
Control Source: Vehicles
Data Included: Set 3
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E8

Test Source: Small Blast
Condition: Windows Closed
Control Source: Vehicles
Data Included: Set 3
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E9

Test Source: Large Blast
Condition: Windows Closed
Control Source: White Noise
Data Included: Set 3
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E10

Test Source: Large Blast
Condition: Windows Closed
Control Source: Vehicles
Data Included: Set 4
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E11

Test Source: Small Blast
Condition: Windows Closed
Control Source: Vehicles
Data Included: Set 4
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E12

Test Source: Large Blast
Condition: Windows Closed
Control Source: White Noise
Data Included: Set 4
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E13

Test Source: Large Blast
Condition: Windows Closed
Control Source: Vehicles
Data Included: Set 5
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PERCENT FINDING EVENT MORE ANNOYING

100

75

50

25

25 50 75 100

CONTROL ASEL

Figure E14

Test Source: Small Blast
Condition: Windows Closed
Control Source: Vehicles
Data Included: Set 5
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E15

Test Source: Large Blast
Condition: Windows Closed
Control Source: White Noise
Data Included: Set 5
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E16

Test Source: Small Blast
Condition: Windows Open
Control Source: Vehicles
Data included: Set 6
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E17

Test Source: Large Blast
Condition: Windows Open
Control Source: White Noise
Data Included: Set 6
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E18

Test Source: Large Blast
Condition: Windows Open
Control Source: Vehicles
Data Included: Set 7
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E19

Test Source: Small Blast
Condition: Windows Open
Control Source: Vehicles
Data Included: Set 7




L'LeeS
0'LEeS
v'secs
9'cecs
o'seey
L°.88Y
0" LLLY
6'viSY
gciey
o'ssv!
1’288
1'96Y
00
vely wn)

0000
0000
0000
0000
or6'SL—
982'ce
26€°L—
820°Ly—
ee9el
201°0-
S020—
S12'0-
912'0—
enpIsey % A

$90°0—
zee 0~
62¥'0-
Y0L'0-
620°€-
8v9c!
€622~
6.5'¥1-
L0¥'6
9010
€020~
€12'0—-
€120
fenpisey A

S8
Le
9t
9l
9'S
o'vs
cLly
cLe

6L

9'0S

o
20

0

L0

0’z

v'sg

£'ee

9'Sh

9'65

1'66

2'66

2'66

2'66
pepipaid A

$Hiwjuod g
1a

u3ams @

a

s|wnjuod O
10

43aMs O

o

ol
[dsuwesogonsiBo] (p . (0/)+ 1)/q+e=A

00
00
00
00
o6l
o'ee
o'ie
o'ie
0’69
0’66
0’66
0’66
0’68
1N30H3d

STOHINOD TIDIHIA-L 138 ‘1SVE TIVHNS

FotLL
$'68
8Ll
9'S
8'66

(W2
ce-

1o—-
ey
90—
0’06

ieet
12
o't

¥'0s
o'scl
o'oct
0'sti
00tI
0’e9
o'i9
0'LS
o'cs
oLy
oSt
00!l
0's
00

13SV TOHLNOD

slwmuod g
ig

u3pis 9

8

sjwnuo) v
1Y
UIMS VY
v
eduepyuo)d
jeis—4
3PS U4
el
2iipy
uopenb3
AOSO®X

et

ci

q

1]

- N MMTHDOMNDO®

#id AX

613 ejqe}




PERCENT FINDING EVENT MORE ANNOYING
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Figure E20

Test Source: Large Blast
Condition: Windows Open
Control Source: White Noise
Data Included: Set 7
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E21

Test Source: Large Blast
Condition: Windows Open
Control Source: Vehicles
Data Included: Set 8
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PERCENT FINDING EVENT MORE ANNOYING
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CONTROL ASEL
Figure E22

Test Source: Small Blast
Condition: Windows Open
Control Source: Vehicles
Data Included: Set 8




S'689¢Y
0°089%
v'0L9Y
6°099¢
L'9vSh
8'vest
1’ 10SY
c'schvy
L'sicy
o'9sv!|
9066
£'sery
00
Bely WnoH

0000
0000
0000
0000
£$9'8S
gvi'6b
evs8l-
L1819
SS6'L
£90°0—
$90°0—
$90°0-
S90°0—-
renpised % A

868" | —
006" L —
€06 1—
606 |-
2oL
68’9
699 | —
6.6'L-
00s'c
290'0-
$90°0—
$90°0—
$90°0—-
jenpisey A

evi
v's
o'y
| 44
8'6
(WA 4
X4 4
S'g8e
c'l
o'sy

pepipeid A

swrjuoed g
1d

H3Ms g

a

SHWUOD O
19

u3MS O

o

o't
[dsyesogonsiBo] (P (9/%)+ L)/q+e=A

00
00
00
00
o€l
oct
06
o€t
o'vv
0’66
0’66
0’66
0’66
1N30H3d

STOHLNOD F1OIHIA-8 138 ‘1SV1E TIVAS

1'eol
€16
coe
ct
c'l6
09
X
80
ce
6t
0’06
§'Coe
4
o't

V'sy
o'scl
ooct
oSl
00il
0'eo
o'l9
0'LS
0'cs
oLy
0'si
00!l
0's
00

T3SV TOHLNOD

sljwryuod 8
ig

u3ps 89

g

sHiwjuo) v
v
U3PMSs v
v
eouepyuon
1 8—4
A3PIS M4
cl
2ilpvy
uopenb3
A0S®X

1] §

cl

b

(4] 3

- NOTODONDODOD

#id AX

cc3 ejqel

h




PERCENT FINDING EVENT MORE ANNOYING
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Figure E23

Test Source: Large Blast
Condition: Windows Open
Control Source: White Noise
Data Included: Set 8
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E24

Test Source: Large Blast
Condition: Windows Open
Control Source: Vehicles
Data Included: Set 9
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E25

Test Source: Small Blast
Condition: Windows Open
Control Source: Vehicles
Data Included: Set 9
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E26

Test Source: Large Blast
Condition: Windows Open
Control Source: White Noise
Data Included: Set 9
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E27

Test Source: Large Blast
Condition: Windows Open
Control Source: Vehicles
Data Included: Set 10
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E28

Test Source: Small Blast
Condition: Windows Open
Control Source: Vehicles
Data Included: Set 10
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E29

Test Source: Large Blast
Condition: Windows Open
Control Source: White Noise
Data Included: Set 10
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E30

Test Source: Large Blast
Condition: Outdoors
Control Source: Vehicles
Data Included: Set 7
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E31

Test Source: Small Blast
Condition: Outdoors
Control Source: Vehicles
Data Included: Set 7
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PERCENT FINDING EVENT MORE ANNOYING
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CONTROL ASEL

Figure E32

Test Source: Large Blast
Condition: Outdoors
Control Source: White Noise
Data Included: Set 7
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E33

Test Source: Large Blast
Condition: Outdoors
Control Source: Vehicles
Data Included: Set 8
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PERCENT FINDING EVENT MORE ANNOYING
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CONTROL ASEL

Figure E34

Test Source: Small Blast
Condition: Outdoors
Control Source: Vehicles
Data Included: Set 8
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PERCENT FINDING EVENT MORE ANNOYING

100

75

50

25

25 50 75

CONTROL ASEL

Figure E35

Test Source: Large Blast
Condition: Outdoors
Control Source: Vehicles
Data Included: Set 9
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E36

Test Source: Small Blast
Condition: Outdoors
Control Source: Vehicles
Data Included: Set 9
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E37

Test Source: Large Blast
Condition: Outdoors
Control Source: White Noise
Data Included: Set 9

E74
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PERCENT FINDING EVENT MORE ANNOYING
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CONTROL ASEL

Figure E38

Test Source: Large Blast
Condition: Outdoors
Control Source: Vehicles
Data Included: Set 10
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PERCENT FINDING EVENT MORE ANNOYING
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Figure E39

Test Source: Small Blast
Condition: Outdoors
Control Source: Vehicles
Data Included: Set 10
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PERCENT FINDING EVENT MORE ANNOYING
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25

25

50 75 100

CONTROL ASEL

Figure E40

Test Source: Large Blast
Condition: Outdoors
Control Source: White Noise
Data Included: Set 10
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Appe

ndix F: Evaluating the Degree of
Annoyance Caused by Military Noise

* Transition curves for blast noise with vehicle controls, for sets grouped as indicated on each page.
Subjects located indoors, acoustical measurements outdoors; except the last page, that is outdoor

subjects.




PERCENT(BLAST)

LARGE BLAST, SET 1-VEHICLE CONTROLS
Rank 1 Eqn 8012 y=a+b0.5(1+erf((x-c)/(205d))) [Cumulative]
12=0.9985848179 DF Adj r2=0.993022268 FitSdEN=3.20844752 Fstat=737.407803
2=-2.2505369 b=102.1816
c=96.024614 d=-20.108088

125

8

/

L

A
.

0 50 100 150
CONTROL ASEL

N
(S}

Rank 1 Eqn 8012 y=a+b0.5(1+erf((x-c)/(2°-3d))) [Cumulative]

r2 Coef Det DF Adj r2 Fit Std Err F-value
0.9958481788 0.9939222683 3.2084475225 737.40780284

Parm Value Std Error t-value 95% Confidence Limits

a -2.25053688 2.449664309 -0.91871236 -7.80867290 3.307599139
b 102.1816032 3.093972178 33.02602523 95.16157272 109.2016338
c 96.02461404 1.831186259 52.43847454 91.86976626 100.1794618
d -20.1069861 2.345746128 -8.57168040 -25.4293382 -14.7846340

Date Time File Source
Mar 31,1994 4:13:46 PM c:\tbicurve\munster\blastihv.pm

F2




PERCENT(BLAST)

SMALL BLAST, SET 1-VEHICLE CONTROLS

Rank 1 Eqn 8013 y=a+b/(1+(x/c)?) [LogisticDoseRsp]
£2=0.988210081 DF Adj r2=0.962315121 FISIJENT=556952237 Fstat=251.454672

8=0.67661515 b=08.60233
¢=78.448008 d=15.791267
125
i N
75 \
" |
25 .
0 —
0 50 100

CONTROL ASEL

Rank 1 Eqn 8013 y=a+b/(1+(d/c)Y) [LogisticDoseRsp]

r2 Coef Det DF Adj r2 Fit Std Err F-value
0.9882100809 0.9823151214 5.5695223720 251.45487226

Parm Value Std Error t-value 95% Confidence Limits

a 0.676615154 2.762595551 0.244920091 -5.590154240 6.944772707
b 98.60233020 3.848881728 25.61843599 89.86945684 107.3352035
c 76.44600794 0.792538381 96.45716818 74.64778763 78.24422826
d 15.79126870 2.885557527 5.472518414 9.244116068 22.33841733

Date Time File Source
Mar 31, 1994  4:16:05 PM c:\tbicurve\munster\blastiiv.pom




PERCENT

LARGE BLAST, SET 2&3-VEHICLE CONTROLS
Rank 1 Eqn 8013 y=a+b/(1+(x/c)%) [LogisticDoseRsp)
12=0.993474644 DF Adj 12=0.900211968 FitStdEr=4.15727495 Fstat=456.745036
=1.2360152 b=09.127627
C=77.482467 d=16.543639

125

1(7): \
s r\\

0 50 100 150
CONTROL ASEL

Rank 1 Eqn 8013 y=a+b/(1+(x/c)d) [LogisticDoseRsp]

r2 Coef Det DF Adj r2 Fit Std Err F-value
0.9934746441 0.9902119661 4.1572749513 456.74503638

Parm Value Std Error t-value 95% Confidence Limits

a 1.236015246 1.957509104 0.631422477 -3.20545121 5.677481703
b 99.12762727 2.884474625 34.36592106 92.58293367 105.6723209
c 77.48246669 0.582979108 132.9077931 76.15972334 78.80521005
d 16.54363941 2.188635654 7.558882346 11.57776118 21.50951764

Date Time File Source
Mar 31,1994 11:03:51 AM c:\tbicurve\munster\bi23hv.pm
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PERCENT

SMALL BLAST, SET 2&3-VEHICLE CONTROLS
Rank 1 Eqn 8013 y=a+bv(1+(x/c)¥) [LogisticDoseRsp)
12=0.980395221 OF Adj r2=0.970502832 FitStdErr=7.05803873 Fstat=150.023914
8=-0.23620084 b=101.07690
¢=73.989892 d=8.6914507

125

100 - —

75

- K

) N

0 50 100
CONTROL ASEL

Rank 1 Eqn 8013 y=a+b/(1+(x/c)d) [LogisticDoseRsp]

r2 Coef Det DF Adj r Fit Std Err F-value
0.9803952211 0.9705928316 7.0580387327 150.02391396

Parm Value Std Error t-value 95% Confidence Limits

a -0.23629084 3.716991437 -0.06357046 -8.66991333 8.197331639
b 101.0769891 5.218281169 19.36978592 89.23703356 112.9169447
c 73.98989210 1.602781787 46.16342206 70.35327987 77.62650433
d 8.691450746 1.939652503 4.480931884 4.290499805 13.09240169

Date Time File Source
Mar 31,1994 11:02:05AM  c:\tbicurve\munster\bl23iv.pm

150



PERCENT

LARGE BLAST, SET 4&5-VEHICLE CONTROLS
Rank 1 Eqn 8012 y=a+b0.5(1+erf((x-c)/(203d))) [Cumulative]
r2=0.9947969 DF Adj r2=0.992195349 FitStdEr=3.71664842 Fstat=573.579305
=-0.70875506 b=101.26977
¢=95.449276 d=-16.589103

125

100 4——— —<

N\

50— < —f X

0 N

0 50 100
CONTROL ASEL

Rank 1 Eqn 8012 y=a+b0.5(1+erf((x-c)/(29-5d))) [Cumulative]

r2 Coef Det DF Adj 2 Fit Std Err F-value
0.9947968996 0.9921953494 3.7166484224 573.57930512

Parm Value Std Error t-value 95% Ccnfidence Limits

a -0.70975506 2.124043074 -0.33415286 -5.52907675 4.109566616
b 101.2697742 2.947391596 34.35911752 94.58232592 107.9572225
c 95.44927600 1.632056944 58.48403534 91.74624026 99.15231174
d -16.5891034 2.209079620 -7.50950907 -21.6013678 -11.5768391

Date Time File Source
Mar 31,1994  3:08:04 PM c:\thicurve\munster\bi45hv.pm




PERCENT

SMALL BLAST, SET 485-VEHICLE CONTROLS

Rank 1 Eqn 8012 y=a+b0.5(1+erf((x-c)/(20-5d))) [Cumulative)
12=0.098207207 DF Adj r2=0.897445811 FitStdEr=2.07115165 Fstat=1758.81181
4=-0.064005267 b=100.07522

c=84.0991 d=-15.108761

125

100 4—— ﬁ\\
75 .

N\

) \
25
N
0 S~ X
0 50 100

CONTROL ASEL

Rank 1 Eqn 8012 y=a+b0.5(1+erf((x-c)/(20-5d))) [Cumulative]

r2 Coef Det DF Adj r?
0.9982972075 0.9974458112

Parm Value Std Error

Fit Std Err F-value
2.0711516455 1758.8118086

t-value 95% Confidence Limits

a -0.06400527 1.041574229 -0.08145051 -2.42727244 2.299261903
b 100.0752230 1.465874513 68.26997952 96.74924483 103.4012011
c 84.09909967 0.686058017 122.5830725 82.54247668 85.65572266
d -15.1087610 1.243134430 -12.1537628 -17.9293557 -12.2881663

Date Time
Mar 31,1994 4:09:12 PM

File Source
¢:tbicurve\munster\bl45iv.pm
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PERCENT

LARGE BLAST, SET 6&7-VEHICLE CONTROLS
Rank 1 Eqn 8013 y=a+b/(1+(x/c)d) [LogisticDoseRsp]
12=0.993310876 DF Adj r2=0.990337932 FitStdErr=4.11277658 Fstat=494.988022
2=0.91263447 b=99.600602
c=68.460094 d=11.05152

125

100 —

) A

. \

25 i - - ’\\
0

0 50 100
CONTROL ASEL

Rank 1 Eqn 8013 y=a+b/(1+(x/c)d) [LogisticDoseRsp]

r2 Coef Det DF Adjr2 Fit Std Err F-value
0.9933108760 0.9903379320 4.1127765762 494.98802229

Parm Value Sta Error t-value 95% Confidence Limits

a 0.912634470 1.903615935 0.479421533 -3.33957460 5.164843545
b 99.60060167 2.839026652 35.08265821 93.25891547 105.9422879
c 68.46009354 0.855364376 80.03617572 66.54942022 70.37076685
d 11.05152033 1.282549155 8.616839585 8.186621454 13.91641921

Date Time File Source
Mar 30, 1994 4:25:49 PM ¢:Mtewin\munoh.pm

F8
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PERCENT

SMALL BLAST, SET 6&7-VEHICLE CONTROLS
Rank 1 Eqn 8013 y=a+b/(1+(x/c)d) [LogisticDoseRsp)
r2=0.993492603 DF Adj r2=0.990238904 FitStdE=4.125478 Fstat=458.01382
8=0.67707068 b=09.484943
c=64.442774 d=9.3157107

125

100 \

75+ \

. \

0 50 100
CONTROL ASEL

Rank 1 Eqn 8013 y=a+b/(1+(«/c)d) [LogisticDoseRsp]

r2 Coef Det DF Adj r2 Fit Std Err F-value
0.9934926029 0.9902389043 4.1254780034 458.01382018

Parm Value Std Error t-value 95% Confidence Limits

a 0.677070683 2.050457447 0.330204699 -3.97528978 5.329431152
b 099.48494292 2.921898027 34.04805438 92.85533795 106.1145479
c 64.44277441 1.011714633 63.69659218 62.14725681 66.73829202
d 9.315710682 1.195772562 7.790537244 6.602577080 12.02884428

Date Time File Source
Mar 30, 1994 4:21:38 PM c:tewin\munoh.pm

150




LARGE BLAST, SET 8&9-VEHICLE CONTROLS
Rank 1 Eqn 8012 y=a+b0.5(1+erf((x-c)/(20-5d))) [Cumulative]
12=0.974949795 DF Adj 12=0.962424692 FitStdE=7.76502609 Fstat=116.758497
8=-0.82920481 b=100.92435
¢=82.735772 d=-22.009876

125

100 —

75 \\\
50 N

. AN
: |

0 50 100 150
CONTROL ASEL

PERCENT

Rank 1 Eqn 8012 y=a+b0.5(1+erf((x-¢)/(20-5d))) [Cumulative]

r2 Coef Det DF Adj r2 Fit Std Err F-value
0.9749497947 0.9624246920 7.7650260893 116.75949731

Parm Value Std Error t-value 95% Confidence Limits

a -0.82920481 4.502934530 -0.18414765 -11.0460833 9.387673689
b 100.9243506 6.096113804 16.55552272 87.09264734 114.7560538
c 82.73577169 2.817121508 29.36890421 76.34389814 89.12764525
d -22.0098760 6.163278451 -3.57113121 -35.9939716 -8.02578038

Date Time File Source
Mar 30, 1994  2:24:53 PM c:Mtewin\munoh.pm




PERCENT

r2=0.991940007 DF Adj r2=0.98791001 FitStdErr=4.44202122 Fstat=369.208746

SMALL BLAST, Sci 8&9-VEHICLE CONTROLS
Rank 1 Eqn 8013 y=a+b/(1+(x/c)9) [LogisticDoseRsp]

2=-0.8933291 b=100.98266

c=66.38366 d=6.1973205

125 A
100 .- x - -

Y R I

50—~ = -

; .\

0 -
0 50 100
CONTROL ASEL

Rank 1 Eqn 8013 y=a+b/(1+(x/c)d) [LogisticDoseRsp}
r2 Coef Det DF Adj r2 Fit Std Err F-value

0.9919400067 0.9879100101

Parm Value

Date
Mar 30, 1994

Std Error
a -0.89332910 2.603275274 -0.34315583 -6.79999885 5.013340651
b 100.9826643 3.471163070 29.09188140 93.10681113 108.8585175
c 66.38365993 1.408211927 47.14039033 63.18851462 69.57880525
d 6.197320520 0.994580642 6.231089021 3.940678877 8.453962163

Time
2:50:47 PM

44420212153 369.20874631

t-value 95% Confidence Limits

File Source
c:tcwin\munoh.prn

F11
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PERCENT

r2=0.9957572 DF Adj r2=0.9936358 FitStdEr=3.35053521 Fstat=704.080228

LARGE BLAST, SET 7-VEHICLE CONTROLS
Rank 1 Eqn 8013 y=a+b/(1+(x/c)d) [LogisticDoseRsp]

2=-0.48800498 b=101.40506

¢=83.890706 d=10.230116

125
100 * \‘

75 —

50 \

25 \

0 -
0 50 100
CONTROL ASEL

Rank 1 Eqn 8013 y=a+b/(1+(x/c)d) [LogisticDoseRsp)

r2 Coef Det

DF Adj 2

Fit Std Err F-value

0.9957572000 0.9936358000 3.3505352104 704.08022822

Parm Value

Std Error

t-value 95% Confidence Limits

a -0.48800498 1.798771470 -0.27129904 -4.56930561 3.593295654
b 101.4059639 2.517143346 40.28612994 95.69472214 107.1172057
c 83.89070588 0.902932806 92.90913491 81.84200748 85.93940428
d 10.23911578 0.999263872 10.24665863 7.971848176 12.50638338

Date
May 3, 1994

Time
4:39:07 PM

File Source
c:\tewin\augh.pm

F12
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